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Ah Introduction 




Man has surv^cd oa.this planet for many thousands of years and has proved 
to be a most sj^ccessful species. He has populatecJ the planet, subjected other 
species to his c^wn^ise, and developed new processes that match many natural 
processes in both intensity and scope. 

Suddenly we find reason to question his success. The power that man has 
exerted on the rest of nature now threatens his own survival. If we are surprised 
to find ourselves in a deepening environmental crisis, we can, at'leasL 
encouraged by the current awareness of the crisis. This awareness is necef 
if we are to launch a successfiil attack on the extremely serious problems. 

Of special significance is the coming of age of a generation that has a very 
special relationship to the environment. Young people today are the first . 
generation to carry strpntium-90 in their bones, DDT in their fat, and asbestos ] ^ 
in their lungs. Their bodies will record the effects of these new environmental . 
insults on human health, since they are the involuntary subjects of a huge ; 
worldyide experiment. Although many efl'ects have already been documented, 
the fftLl significance of this experiment will be discovered only after this gen- 
eration has lived out its life. Only then will we have learned \hc long-term 
biological effects of so many novel agents, some of which interact to- cause 
even^reater effects than the sum of each taken separately. So it is our young 
people — and future generations — who may have to bear the ultimate conse- 
quences of today*s environmental hazards. 

AIR POLLUTION . 

f The problem of air pollution is not new, although its recognition as a problem ■ 
i». Only yesterday, people regarded a smoking factory chimney in their town 
as a sign of prosperity in which to take pride. Th^ sweet smell of money, jobs< 
and taxes was quite tolerable. However, as\he population grew and industrial 
wastes multiplied, air pollution reached a stage that* was np longer acceptable 
to large numbers of people. ^ T3 
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I he earth's atmosphere is limited. Understanding its composition, as weU 
as Its hmitations. is necessary m order to understand how it became ^Uuted 
Unfortunately, we know lutJe about the nature and abatement of air pollution 
because atmospheric research is relatively recent. 

The density of the atmosphere decreases with altitude, and approximately 
half the atmosphere by Weight lies bclovV 5,500 meters. It contains about 21% 
oxygen, which animals, including man. require for Ijfe. Other constituents of 
air include variable amounts of water vapor, nitrogen (78%), and carbon 
dioxide, carbon monoxide, and certain other gases, all of which total Jess than 
1% by weight. ^ 

The atmosphere is influenced by many factors, both natural and man-made. 
Heat energy from the sun is the chief influence. Heal is a form of energy as 
weU as an expression of molecular activity. Because different materials have 
difl-crent molecular structures, they will have different temperatures when they 
are heated- Land, for example, becomes hotter than water when identical 
amounts of heat arc ajjpfled to both. So diff-crential heating and cooUng 
between mountains and flat land, desert and cultivated land, green plants and 
pavement, etc.. all influence atmospheric conditions. 

The troposphere is the layer of the atmosphere adjacent to (he earth. 
Normally tl^e temperature of the troposphere decreases with increasing altitude' 
Sometimes conditions exist in which there are changes in this ord<;r. For 
example, there may be a narrow layer within the troposphere in which temper- 
ature increases with altitude for several hundred meters. This is called a 
temperature inversion, since it is an inversion of the usual decrease of tempcra- 
Uirc with altitude. Inversions can hinder the risfc of the air, and if this air 
contains pollutants, the inversion acts as a lid to seal them below. If there is 
no wind, then the stage is set for an acute air pollution episode, such as occurred 
in New York City in July 1970. 

Of the hundreds of pollutants, some arc of major importance to man's 
well-being. These are briefly described below. 

,C«rbon monoxld* The complete combustion of carbon in the presence of 
oxygen results m the formation of carbon dioxide (COj). Carbon monoxide 
(CO) results from the incomplete coaabustion of carbon, and it has been 
considered almost exclusively a man-made poUutant. It is toxic to humans at 
concentrations of lOO pahs per million when exposure for several hours occur 
Although carbon ttionoxide is produced largely by incomplete combustion of 
fuel, predominantly from automobile engines, recent research indicates that 
the oceans and the atmosphere itself are contributing through photochemical 
oxidation of drganic matter. 

Crbon dloxM* COj occurs naturally as a by-product of animal respifaUon 
and in other natural events such as volcanic eruptions. A very large proportion 
of atmospheric COj also results from the combustion of fossil fuels such as 
coal, oil, and gas. Since the Industrial Revolution, mart has greatly increased , 
COj emissions. Jt is estimatftd that man-made emissions of COj will show an 
eighteenfold infcreasc from 1890 to 2000. 



Because of thcst additions, carbon dioxide enters the air at a faster rate than 
the natural carbon cycle can adjusn to it. This results in the slow, but mensur- 
able, buildup C)f carbon dioxide u\ the atmosphere. 

Carbon dioxide has an effect on global temperature becadsc of its ability 
to absorb heat energy (infrared radiation) and to trap energy close to the earth. 
This has (he net effect of aUowing less heat to escape, into outer space, and 
is appropriately called "the greenhouse effect." Since short wavelength energy 
(ultraviolet radiation) passes tl^ough carbon dioxide, an increase in CO^ 
concentration with a more or less constant supply of solar energy should result 
in increasing global temperatures, ^iany scientists attajfbuted the rise in mean 
global temperatures in the sixty-year period following [880 to the apprpxi- 
maldy 7 pefeeitt inCTCilSC in TLlmbsphen^ The 
decrease in mean global temperature noted since 1940 may be due to increase.s 
in wat^r vaRor and atnjospberic turbidity fron^r pollution, resulting in Jess 
incommg energy reaching the'earth. 

Nltro9«n oxido Oxidation of nitrogen and release of nitrogen oxides into tJbe 
atmosphere result largely from automobile- and electric power plant sources. 
Some of the oxides oXnitrogen are oxidized further to nitrogen dioxidi, which 
strongly absorbs ultraviolet light from the sun, creating nitric oxide and atomic 
. oxygen (O). The latter can form ozone (Ot)/n the presence of molecular oxygen 
(O,). This highly reactive form of oxyger^as been responsible for ozone alerts 
in Los Angeles. > 

PartlculatM Particulate matter is enormously widespread. In New York City, 
dustfall levels as high as 30 tons per square mile per month were recorded 
in 1969, Dustfall tends to consist of relatively heavy particles that settle close 
to their source. Finer particles may be carried by air currents and settle at 
great distances from their source. Ai^jjbome particles can scatter sunlight, 
reducing the amount of energy rcachmg the earth and provoking global 
temperature decreases. Global atmospheric dust levels are rising and include 
products from all phases of human activity. ^ 

Sulfur oxIdM Oxides of sulfur are emitted largely Trom man-made sources and^ 
arc primarily released as sulfur dioxide, which may be oxidized to sulAir 
trioxide. The latter can combine with water vapor to form sulfuric acid mist$ 
that arc highly corrosive to building materials: including stone and marble. 
When precipitated into water via rainfall, sulfur products increase acidity and 
can destroy aquatic life. 

LMd Lead enters the atmosphere largely from bumiB^ leaded gasoline. About 
65 percent of the lead in cpn^busted gasoline is released into the atmosphere 
and results in both local and distant fallout. It is estimated that the Northern 
Hemisphere contains a thousandfold surplus 9f lead above and beyond natural 
base levels because of man's contributions. ^%&s. 

There are numerous other atmospheric pollutants, manyt^f whose effects 
are still urtltnown. For example, the combustion of some plastic containers can 
result in the formation' of totally new products, reacting chemically in the 



atmosphere in ways completely unknown lo iisiind prodiicmg eflccts (hat arc 
as yet undetected or at least unccrtam. F\)!YchIoiniatcd biphcnyls, used as 
plasticizcrs m t^c manufacture of many products, are chemically similar id 
DDT and arc also appearmg m the environment. » 

In recent years, man has come to rely ainrost exclusively on a single rncans 
of combating pests -chemical control. I hese pesticides have often been only 
icmporanly successful in ehminating the pests while having serious long-range 
side eflects ory other plants and animals in the environment. 

Many of tne pesticides used are sprayed m liquid form and vaporize into 
the atmosphore. I he atmosphere cleans itself through rainfall. Water-insoluble 
pesticides will therefore remain in the atmosphere much longer, accumulating 
and spreading. Pesticides can be removed from the atmosphere as a result of 
their absorption on dust. This dust ihcn f^lls to the carth\s surface through 
^eltlmg. rain, or snowfall. Dustfall in areas can be quite large, and the con- 
centration of pe.sticides can therefore be vep' high. Rain running off the land 
can wash the pesticides into rivers and streams, building up the concentrations 
in water. 

Much of the controversy over pesticides centers around DDT. UnJike many 
organic materials, PDT has a relatively long life and is resistant to breakdown 
by microbes, water, and sunlight. It may traveLconsiderablc distances without 
losing its toxicity. When a plant or animal containing DDT dies, the DDT is 
returned to the soil and is ready for recycling through other living things. DDT 
is often concentrated in plants and in the fatty tissues of animals to « damaging 
extent. As large animals feed on small animals, the DDT concenlri^ion builds 
up. In lakes, for example, the DDI concentration in the sediments may be 
fairly low. The tiny invertebrate^ in the area may have the DDT cOn(;cntration 
increa.sed by a factor of 50. The concentration in the larger fish may be a 
thousand limes higher. Gulls feeding on fi^h can exhibit concentrations a 
million times higher. Man, who is close to the top of mo.st 6f these food chains, 
receives DDT in concentrated forms. There, arc fe\v\ if any, foods in the human 
diet free fjom DDT. Even mother's milk passes, some DDT to iixfants. 

There is .evidence that DDT has affected reproduction in x:ertf|in birds. There 
is as yet j{p evidence that man or other species will be affected in the same 
way. But .such ecological changes are difficult to predict.^' 

The u.sefulness of DDT and most other pesticides is diminishing at the same 
time that evidence of its destructive nature builds up. M^txy species of insect 
pests have built up a resistance to the pesticides. Most of the chemical com' 
* pounds that have been developed to replacfc DDT have the .same advantages 
and di.sadvaniagcs. Even the newer pesticides, which break down quickly after 
application, can cause other ecological problems. Although work is continually 
being done to dcveipp the perfect pesticide, the probletn really lies in our 
overreliance on poisons as opposed to nonchemical means of controlling pests. 

■ ...... ■ " . 




WATER POLLUTION 

^ As man has increased m inmibcr. so has his use of water. His industrialization 
has led to increased amounts of wAstc products, many of which eventually end 
up in the wafer systems. These waste products are often complex mixtures of 
diverse substances. One <vay, of describing the amount oT wastes in water is 
to use certain collective characteristics. One qf these characteristics is the 
biochemical oxygen demand (B O D.), which .s a measure of the dis.solved 
oxygen consumed in the biological processes that degrade organic matte\ 
cntenng natural waters. Microscopic organisms m natuial waters are able to 
degrade (chemically break .dqwn) a larg^ amoun< of wastes, but^n doing so'' 
they use up oxygwi from the water.' The more wastes that arc dumped into" 
the water, the faster the o.^ygen is used up. This will thcr<5fore afVeCt the animal 
life in the water, ^ince animals depend on oxygen fpr survival, 

Chemicals are also of\en added to waters to poisOn unwantcd'aquatic plant.? ' 
ai*l al^e. The" killed weeds eventually decay and add aflditional nutrients to 
the water. This enhances the grbwth of addiuo'nal microorganisms and fiirther 
increases B.O.D. ' 

There are certain types of wastes that cannot be degraded by microorganisms 
Many pesticides fit this category, and. as we ha.i'e seen. tiTis leAs to a buildup 
of the chemicals in the waters andtheir plant and animal life. Detergents po.std 
a similar problem until a few years ago. They were originally nonbiodegradable, ' 
and consequently suds accumulated in abundance in some areas, affecting plant 
and animal life. Manufacturers werfc able to make changes in the chemical 
makeup of detergents, and now they are biodegradable. 

THE POPULATION ISSUE 

The world population is increasing at an enormously rapid rate. Most scientists 
agree with this statement. Views differ about just what will happen if this 
growth rate continues and how the rate may be slowed down before a catastro- 
phe occurs. 

Some people feel that star\^ition will be the ultimate check on population 
growth. Not i)ll students of population accept this conclusion. Some dismiss 
the warning about food shortages as groundless. They argue that the world 
IS <japable of producing enough nutrients to support many times the present 
population. Increased production will comic from,\hc utilization of areas not 
now under cultivation, increases in the use of fertilizers, and— most important— 
the development of .synthetic foods. 

Our planet is ovcrpopulatcd and. a> a result, the human species is in the 
gravest danger it has faced since man first appeared on the. earth. The danger 
IS (hat we are running out of space— not only space for people, but space in 
which to^ispose of the waste products of our increasingly productive economy. 

Wc spread 48 billion (rustproof) cans and 26 billion (nondegradable) bottles 
over the landscape every year. We produce 365 million kilograms of trash a 
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day, a great deal of which ends up in our fields, parks, and forests. Only one 
third of the 500 (nilhon kilograms of paper wc use every year is reclaimed. 
Nine million cars, trucks, and buses are abandoned every year, and while many 
of ihe*m arc used as scrap, a large though undelermmed number are left to 
dismiegrate slo\Yly in backyards, in fields gnd woods, and on' the sides of 
highways. The almost four billion kilograms of ptastia< used every year are 
nondf^radable mfiterials. 

Thor Heyerdahl, who recently sailed from Africa to Barbados in a papyrus 
boat, reported that even the inidocean was visibly polluted by human wastes— 
plastic bottles, oil, garbage, etc. With this perspective, overpopulation is not 
a problem for the future; it is here now, and the threat is greater for the rich 
nations than H fs for the poor. We are running out of clear streams, pure air, 
and the familiar sights of nature while we stilj have the so-called "essentials*' 
ofUfe. ' ^. 

Wc are in trouble — not only the poor nations, but all of us. And not at sonie 
time in the future, but here and now— from overcrowding and the recklf^ 
misuse of our resources. 

Today's media are full of information relating to pollution and conservation. 
One can scarcely read a newspaper or magazin? without encountering such 
artiples. Radio ahd tcl^evision ofler frequent * specials'' on environmental prob- 
lems. These are excellent sources for additional data and can be u^d when 
the topics in this unit are studied. 

The literature is also a source of abundant information on environment. An 
excellent fcbhography, which appeared recently, lists most of the current 
writings related to environit^ental problifems. U is titled Science for Society: A 
Bibliography by John A. Moore and may be obtained frfce by writing to the 
Battelle Memorial Institute, 501 King Street, Col\imbus, Ohio 43201. A short 
Ust of references is given in the preface, for those wishing a^ncr^l introduction 
to the problems of environment. 




PREPARATION OF EQUIPMENT 

Each chapter of the Teacher^s j^di^om contains an equipment list for that 
chapter. The same is true for each^cursion. In addition, the last page of each 
chapter alerts you to preparation's necessary for the following chapter. Among 
I the materials Hsted will be some items that must be supplied loyally. These 
include friction matches for Chapter 2; baby-food jars and wax-coated milk 
cartons or shoe boxes for the test-tube racks in Chapter 3; liquid detergent^ 
scissors; and paper towels for Chapter 4; fish tanks, coffee cans^ and baby-food 
jars for Chapter 5; safety matches, jar lids, cotton, wool cloth, pieces of Styrp- 
foam, notebook paper, and cellophane tape for Chapter 6; soil mixture, rulers, 
one-quart milk cartons, powdered or liquid detergent, planting* containers^ 
paper towels, and rubber bands fQr Excursion 4-1. 

Youc^biggest job of preparation will be for the goldfish or minnows ijfl 
Chapter 5. Details are given at the end of Chapter 4. All necessary arrange- 
ments should be made well in advance of your receipt of the fish. ^ . 
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Aj^upiVs experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at which most stu- 
dents first gain ^^he ability to study science in a reajily organized way.o 
Herct too, the commitment for or against science as an interest or a 
vocation is oftcii made. , ' / 

Paradoxrcally^ the studfents^at this critical age have been the ones 
least aflccted by^the recent efl[ort to produce new science instructional 
materials. Despit^ a number x)f commendable efforts to improve the 
situation, the middle ye^s srand today as a Qomparatively weak link in 
science education bVtweenn the rapidly changing elementary curriculum 
and the re^cjntly revWlized h^gh school %:ience courses. This volume 
^and its accompanyi||^\kterials represent one attempt to provide a 
sound approach to instruction for this relatively uncj|iarted level. 

At the outset the organizers of the ISCS Project decided that it 
would be shortsighted and unwise to try to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instead tp challenge some of ihh most firmly established concepts 
about hoV to teach and just what science material can arid should be 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teachers, children, and tdachin^ until 
wc have had the chance to test these -assurAptionS in actual classrooms 
with real cl\ildren. As conflicts have arisenTour policy has been to rely 
more upon what we saw happening in the schools than upoh* what 
authorities said could or would happen. It is largely because ^f this 
^licy.that the iSCS materials represent a substantial departure frbm 
the norm. * " ^ 

The primary difference between the ISCS program and more con- 
ventional approaches is the fact that it. allows each student to travel 



at his own pace, and ii permiis the scope and scqueofc of instruction 
to vary with his interests, abilities, and background. 'V\\c ISCS writers 
have systematically tried to give the student more of a role in deciding" 
whar he should study next and how soon he shou\(i study it. Wheh the 
materials arc used as intended, the ISCS teacher serves more as a 
"task eascr" th?in a "task masteK" It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to know. 

There is nothing radically new in the ISCS approach to instructfon. 
Outstanding teachers from Socrates to Mark Hopkins have Slres;ied the 
need to personalize education. ISCS has tried to do somethingdnOrc 
than pay lip .service to this goal. JSCS' major contribution has been to 
dcsigil a system whereby an aver(ig& teacher, operating under normal 
constraints, in an ordinary classroom with, ordinary children^ can in- 
deed give maximum attention to each student's progress. ' 

The development of the ISCS material has been a group effort from 
the outset. It began in 1962, whei^ outstanding educators met to decide 
what might be done to improve middle-grade scienceMeachiiig. The 
recommendations of these conferences wpre CQnverted into a tentative 
plan for a set of instructional materials by a smalF group of Florid^i 
State University faculty members. Small-scale writing sessions con- 
ducted on the Florida State campus during 1964 and 1965 resulted in' 
pilot curriculum materials that were testfed in selected Florida schools 
during the 1965-66 school year. All this preliminary work; was-vsup-^ 
ported by funds generously provided by^The^Iorida State University., 
In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the Natiojial Science Foundation made sev- 
eral additional grants in support of the ISCS e^fTort." 

The first draft of these materials was produced in 1968, during a 
summer writing conference. The conferees were scientists, science - 
educators, and junior high school teachers drawn from all over the 
United States. The. original materials have been revised three times 
prior to their publication in this volumfe. M9re thart 150 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing. 

V\/& sincerely hope that the teachers and studcTnts who will use this' 
material will find that the great amount of time, tnoney.-and effort 
that has gone into its development has been worthwhile. 



Tallahassee, Florida The Directors 

February 1972 intermediate science curricvlum study 
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Notes to the Student 



The word science means a lot of things. All of the meanings arc **right,'' 
but none are complete. Science is many things and is hard to dc- 
*\scribe in a few words. 

Wc wrote this book to help you understand what science is and what 
scientists do* We have chosen to show you these things instead of 
describing them^wilh words. The book describes a scries of things for 
you to do and think about. We hoperthat what you do will help you 
^ learn a good deal^ about Mature and that you will get a feel for how 
scientists tackle problems* 

^ " How it this book different from other textl>ooks7 ^ 

i * This boQ|c is probably not like your other textbooks. To make any 

^iense out of it, you must work with objects and substances. You should 
do the things described, think about them^ and then answer any ques- 
tions asked. Be sure you answer each question as you come to it. 

The questions in (he book are very important. They are asked for 
three reasons: 

1. To help^you to think through what you see and do. 

2. To let you know whether or not you understand what youVc done. 

3. To give you a record of what yfou have done so that you can 
use it for review. 

How will your class be organized? 

Your science class wi|l probably be quite different from your other 
classes. This book will let you start wo^k with less help than usual 
from your teacher. You should begin each day*s work where ybu left 
off the day before. Any equipment and supplies needed will be wait- 
vill ing for you. . ^ 

. ■ . i9 



Your (cachcr will not read to you or tell you the things thai you are 
to learn. Instead, he will help you and your classmates individually. 

Try to work ahead on your own. If you have trouble, firsi try to 
solve the probletti for yourself. Don't ask your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your teacher will try to help you »find where 
and how you went wrong, but he will not do your work for you, 

AAcr a few days, some of your classmates will be ahead of you and 
others will not be as far along. This is the way the bourse is supposed 
to work. Remember, though, that there will be no prizes for finishing 
flifSt. Work at whatever speed is best for you. But he sure you under- 
stand what you have done before moving on. 

Excursions are mentioned at several places. These special activities 
arc found at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teacher may ask yoii to do an excursion 

What am I expacted to learn? 

During the year, you will work very much as a scientist does. You 
should learn a lot of worthwhile information. More important, we 
hope that you will learn how to ask and answer questions about 
nature. Keep in mind that learning how to Jind^swers to questions is 
just (fs valuable as learningjhe answers themselveh, 

Keep the big picture in mind/ too. Each chapter builds on ideas 
already dealt with^ These ideas add up to some of the simple but 
powerful concepts that are sq important in science. If you are given a 
Student Record Book, do all jl^r writing in it_ Do not write in this 
book. Use your Record Book for making graphs, tables, and diagrams, 
too. 

From time to time you may notice that your'classi^ates have not 
aJways given the same answers that you did. This is no cause for' 
worry. There are many right answers to some of the questions. And 
hi some cases^ou may not be able to answer^the questions. As a 
matter of fact, ijo one knows the answers to some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will learn 
some of the things we (Jon't know as well as what is known. Good luck! 



Nor>« 



The Black Death 



CHAPTER EMPHASIS 



Proper Interaction between man and his en- 
vironment l« critical for survival 



Chapter 1 



ExcorBlon 1-1 ts keyed to this chapter. 



The Honorabk Doctor Erjc Robinson 
.h/laleren Road, Staden isl 
Sfockholm, Sweden . 



W April, 1351 



route 



Wir set sail from Naples, Unly, five days ago and art xn 
Ate\h Barcelona, Spain. Winds are light and the weather 
is godd. So with time to spare, J shal} undertake to keep my 
promi^to you and put my log notes in some order. Perhaps 
then you may make somi sense of the horrible pestilence that 
has demolished the^ people of Europe and stcjen so many of 
our dearest dnes. 

When we reached Marseilles^ France, over%ree years ago 
""in Ifite the plague had already arrived there. The peo- 

ple suspected it had c^e by ship from^ Genoa. The Genoan 
merchant Marine may have broiight the disease from Kaffa, a 
Ginoan colony on the Black Sea. Kaffa had been besieged by 
the Tartars. But the Tartars were finally forced to giv^ up 
the siege because so many of their forces were lost to the pes- 
tilence. Before they departed, the Tartars catapulted bodies of 
their \dead warriors into the city, hoping ta spjead the death 
among the citizens. They believed the pestilence fduld be 
transTfiitted from the dead to the living. 

It is believed that when the Genoan sailors returned^ home, 
they brought the disease with them. It is also rumored that 
in addition to the disease, they brought a large number of 
black rats that had stowed away while their ships had been 
docked at Kaffa' Upon reaching the port of. .Genoa, the dis^ 
ease and, of course, thTrats spread into the city. 

Soon the blight spread to Marseilles, No one knew how 
for sure/perhaps by ship again. Somei said it was spread by 
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MAJOR POINTS 

1 . Humeri problems cap be caused by misuse 
of the environment, 

2. Each sfudent shggid be led to face the 
following questions: 

a. How Is a pollution problem defined? 

b. How do I contribute to the pojiuflon 
problem? ^ 

c. What can I do to help contr6r pollution? 



This chapter sets the stage for the whole unit. 
Because no equipment is used, students may 
underestimate its importance. You may want 
to have a short discussion, without preaching, 
pointing them in the direction of thinking for 
themselves. 



This letter describing the Black Death is used 
to get the stjudents thinking about human 
problems Don t let them get too concerned 
with the details of the letter. Some of the 
words may even be unfamiliar^ to them. 
Remember that, they are reading a letter that 
supposedly was written more than 600 years 
ago. and that Includes many misconceptions, 
superstitions, and prejudices of the 14th 
century. ^ 



CHAPTER 1 



/ 

ihe miasma, or poison cloud. Corrupted air, damp mists, hot 
south xomds have all been suspected of carrying the pestilence. 
Earthquakes, ftre pilhrs, and other mysterious occurrences are 
considered by som^ to be the cause of. the plague, While in 
Venice, a few months ago, J heard that the Venetians had re- 
ceived an omen of the coming plague. Just before pte disease 
appeared in the city, an earthq}iake occurred and the bells in 
St. Mark's rang out without being touched by human hands. 

AHroloJfers in Paris blame the catastrophe on the conjunc- 
tion opSaturn, Jupiter, and Mars in tjie house of Aquarius, 
Other Parisians believed the pestilence to have been caused by 
a ball of fire seen above the* city. j 

I'm sure that you, witk your scientific knowledge, will be 
able to decide which, if any, of these explanations is best. 
VJhatever the cause, the people I've seen all around Europe 
seem resigned to their fate. They agree that the pestilence is 
the will of God. They are sure their sins have brought thi? 
punishment upon them. 

As you know, millions have died in the three years since 
1347. 1 need not report the horrible nature of the disease. 
You know it too well. But how it passes .from person to per- 
son i5 still a mystery. Some say it is by breath; others claim 
only a look is necessary. Just by tguch it spreads, according 
to one theory. Some even believe it is foul air bottled up in 
vessels. It is said that these vessels are carried by evil men to 
a place upwind from a city. Then their foul contents are r^ 
leased and the fumes spread over the towh. 

It is almost unbelievable how many have died the horrible 
death of bursting boils and blistering fever. Na one is certain 
of the count. It is estimated that, within six months, Florence 
lost 55,000 of its 90,000 inhabitants. The reports 1 have 
heard from all over Italy suggesi that up to 60% of the pop- 
ulation perished. Apparently, the same horror abounded in 
other countries. All in all more than 30% of the population 
of Europe have died. The heaviest toll reported is among the 
clergy — around 50%. Some monasteries have been completely 
wiped out. 

But my promise was to help you chart the spread of the 
plugue. 1 have tabulated tohat figures, J tould get in the en- 
closed togs All dates are approximate. The cities have been 



identified atsording to the six-motith period during which the 
disease fell upon the inhabitants. I trust this will help you in 
your research. 

May God live with you each day. 
Your friend and brother, 

Swen 



The plague described briefly in this letter is perhaps the 
greatest environmental crisis ^ever to strike Europe, Later to 
be called the Black Death, it originated in Asia. It was not 
the only plague to strike. There were rniuiy before and several 
to follow. However, the Black Death of the fourteenth cen- 
tury took a dreadful toll. Nearly thirty million Europeans 
died. ,^ 

The log referred to in the letter follows in Table 1-1. As- 
sume that you arc the physician receiving these data. Use 
the data to chart the movement of the BlackT Deatli across 
Europe. (The names used in the log, as well as many in the 
letter, have been modernized so that they are tfit ones most 
familiar to you.) 



Month 
and Year 


New 
(lilies AfTecled 


Month 
and Year 


New 
Cities Affected 


December, 1347 


Genoa. Marseilles, 
Messina, Naples, 
Rome . 


December, 1349 


Belfast, Bergen. 
Berlin, Dresden, 
Glasgow, Hamburg 


Jlunc, 1343 


Angers, Belgrade, 
Bordeaux, Geneva, 
Madrid, Paris, 
TVIestc, Venice 


June, 1350 


North of Bergen, 
Copenhagen, 
Rostock, Warsaw 


December 1348 


Bristol, Budapest, 
Lisbon, London, 
Munich, Vienna, 
Zurich y 


December, 1350 


South of Riga, 

Stockholm, 

North of Trondheim 


June, 1349 \, 

^ — I- 


Cologne, Dublin, 
Frankfurt, Liver- 
pool, Krakow, 
Norwich, Prague 
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As a suggestion, you may want to have all 
students number the seven date blocks In 
Table 1-1 from 1 through 7 Then ihey number 
the cities In each block with the correspond- 
ing number. For Instance, the December 1347 
block would be labeled "1.'^ Then Genoa, 
Marseilles. Messina, Naples, and Rome would 
be labeled "1 " on the map. AH cities 
numbered the same would be connected with 
a smooth line. The different lines could be 
draWn In different colors or as different types 
of lines (dashed, solid, etc.), , 



Tmh\B 1-1 



1-1 You moy h«v^ to help some students in 
drawing a best-tit (smootri) line on the map 
It done correctly, the series of lines will look 
like a wave moving across Europe. 



ni-1. For each six-month interval, show hoV the plague 
had spread by sketching a line of best fit across the map 
in Figure 1-1 of your Record Book. (Notice that a. line has 
already been drawn for the December 1347 information.) 



Figure 1-1 



The steady march of the pingue across Kurope reprc-rcntcd 
^ great cata.strophc for the people. Many countries were 
overpD])Ulaied. and .great cfop Cailures had brought these 
natiortSWlo their 4nees. Now a killing blow was dealt by 
disease. T'he suffering people believed (heir folly and sin ha(i 
brought disa^er down upon (hem. And theywere not entirely, 
wrong.' Overpopulation in certain arbas had produced over- 
c^cwdcd and unhealthy living, condinons. Caireless, piling of 
rubbish provided food (or increasing numbers of rats and. 
oihcr vermrn. The people had jnisused their environment. 
They did not understand that the environment cannot be 
Imisuicd indefinitely. „ ^ ■ 

Since the foiirteemh century, man- has 'learned to control 
the spnead t>f the plague by using special drugs and vaccines. , 
Itewcvcr, mah has mikh to learn about his environment. 
H< is just beginning to see that his living habits can make 
this world unsafe and unfit for life. This unit, Environmerttal 
Scienc^ can help ypu better understand, how your actions 
influence the world in which you live. 

If you'd like to find out more about the cause and effects 
of the Bl^clc Death, do Excurslpn 1-1, "A Real Killer." It's 
a good chance to see if you remember how, to, plot data on 
a grid and- Rc^w to read tlie graph, too. 

r 

B«for« going on, do Self-Evaluation 1 In your Record Book. 



■ Vou may want to engngo In discussion with 
individuals or amall groups on lha inlorrnation 
that can bo cpad from the completed map 
axerciso^ What (direction did iho wave aeem 
TO be headed? Where did it seem to originate? 
Did It 8oein to travel at d uniform speed? What- 
might have speeded it up or slovirod It down? 



Excursion 1-1 will pifobably be done by rnost 
st.udents. It Is general In nature. 




i3ET IT REAbv NOW FOR CHAPTER 2. ■ 

No extensive preparation^ are hecessarygtoc 
either the chapter' or ' th^e e;(Curslon8 ' 
How«ver, the.goldnsh foi^" Chapter 5 may \ 
arrlvflf ft any time, and yo^ should complete 
all preparations as soqn as posslbli?. See the' 
teachan notes at the end of Chapter 4 for 
details. Friction m^itches for Chapter 2 must 
be supplied locally. 
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CHAPTER 1 5 



EQUIPMENT LIST ^ 

1 friction match 

1 piece of sandpaper 

t tump of modeling ciny 



Can You Match it? 



ExcuraJons 2-1 and 2-2 aro kf>y«d to this 
chapt«r. 



Most people believe they have little if afty effect on what 
happens in their surroundings. They think they have no 
influence on anything. Are these people right, or wrong? You 
con see for yourself. From the supply table, get the following: 

I friction match 

I small piece of sandpaper ^ 

1 lump of clay / 

In a few minutes, you wiU observe the match as it burns. 
But first, you- should prepare for your observations. 

ACTIVITY 2-1. Stand the match in the lump qg clay. Take a 
Close look at It even though you have seen matches many 
times. 



MAJOR POINTS 

1. An ob|oct or an Individual can affect Its 
environment by taking something away or by 
adding aomething to the surroundings 

2. A dimple thing Mko a burriing m^tch 
Involves a chemical reaction fhnt chnngos its 
«urroundln£|8. 

Chapter 2 

^3. A eyatem Is a »et of things that Influence 
•ach other; the things that make up a system 
•re called components. 

4. The output of one component of a system 
may t>a ,thd input for anofher component of 
the system. 

6, All living or nonliving things Influence the 

surroundings just by being there. 

6. The total effect of many llvmg or nonliving 

things can be disastrous. 

Z-t^Through photosynthesis, green plants take 

O'arbon dioxide and some oxygon from the air 

and release a greater amount of 6xygen to the 

air. 

^ ff. Living things that can take energy directly 
fronl the sun and store It ajs chemical energy 
In their bodies are called producers. 

9, Living things that depend on other llvmg 
things (or energy are called consumers. 

10. Organisms that produce chemical 
A^hanges In waste materials so that the 
fl products can be used by other living things 
^are called decomposers. * 

^ 11. If the environmental Input-output balance 
Is upset, drastic results may occur. 



CHAPTER EMPHASIS 

Organisms Influence other organisms In their 
•nvlronment. 




□2-1. As the match stands in the lump of clay, does it have 
any effect on its surroundings? 

The stick part of the friction match is m^de of wood. Wax, 
potassium chlorate, sulfur, and phosphorus make up the 
head.N 




2-4 Possible answers may be that 

(a) .tieat and light wer^ produced'. 

(b) material disappeared, or 

(c) new substances were produced 



ACTIVITY 2-2. Strike the match on the sandpaper and stand 
the burning match once more In the lump of clay. Allow It to 
burn as long^as possible. You may need to shield it from 
drafts with youV hpnd or a book. Observe It carefully as It 
bums. 



0 CMAPTER 2 



□2-2. As (he match burned, what changes, if any, did it 
prod\ice in the surroundings? 

□2-3. Did any of l^^e changes you obser\'ed affect you in 
any way? 

The burning of a match i« a very common occurrence. It 
may appear to be unimportant, but is it really? Suppose you 
look at it from a chemist's point of view. 

V , ^ 

□2-4. What evidence do you have that chemical changes 
were taking place as the match burned? . • 

If you had trouble, with question 2-4, it may be because 
you don't recall what is meant by "chemical change." The 
following Checkup will help you decide whether you need 
to study this idea before goihg ahead. , 

CHECKUP 



In your Record Book, place a check by /he letter of each 
statement that is correct.. 

1. During a chemical change, 

a. .starting materials called reactants are changed to 
,new substances called products. 

b. energy changes 6ccur, ; 
C. temperature and concentration of reactants can 

affect the rate of change, 
d. a gas is always formed. 

2. The ISCS particle model for matter includes 4he idea 
that 
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•. all matter is composed of particles called atoms. 

b. there arc about I.CKX) difTcrcnt kinds of atoms. 

C. jfltonis may combine with each other and be held 

together by electrical forces, 
d. neutral combinations of two or more atoms contain 

fcqual amounts of positive and negative charge. 

3. As a chemical reaction occurs, 

•j, atoms in rcactants are destroyed. 
- D- rcaclant atoms are rearranged into new combina- 
^ tiOns called products. 

c. energy is needed to overcome the forces holding 
reactant atoms together. 



Excursion 2^1 Is a good remedial-review 
exercise on the particle model for matter The 
checkup Is the mechanism for getting those 
who need help Into the excursion 



TUm to page 99 in Excursion 2-1 to check your answers. ^ ^^K^ilJ ^ | 

□2-S. Recall the procedure you used when lighting the 
match. What did you have to doM 



As you know, the name given to the match you used is 
"friction match." If you remember your early work in ISCS, 
you know something about friction. 

□2-6. What form of energy is associated with friction? 

To get your match started,, you had to warm it up. You 
did this by striking (rubbing) it. against a rough surface. This 
friction produced heat. All the match needed was heat and 
the o?tygen\in the surrounding ai^to get started. 

□2-7. What products resulted from the burning of the 
match? 

Suppose the entire match burned. A chemist's simple 
statement about the chemical change you've observed might 
be this: 

MATCH + AIR -f HEAT - ASH + SMOKE + ENERGY 

You supply heat by rubbing the match on the sandpaper. 
The heated substances in the match head combine with 
oxygen from the air form new products. For example: 

Phosphorus + Oxygen Phosphorus oxide 

Sulfur + Oxygen Sulfur oxide 



2-7. Some students may indicate that carbon 
dioxide, among other products, was- pro- 
duced. Others may not be aware dMhis. This 
point is brought out on the next page. 
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2-9, Tho student should be able to observe 
heat and light as forms of energy From his 
knowledge of chemical reactions and 
burning, he may ^fer that chemical energy 
was Involved, 



Figure 2-1 



Figure 2-2 



The ash that is produced during the burning is composed 
mostly of carbon and other unburned solids. The ash is the 
remains of the match. The smoke is a combination of gases 
and very tiny particles, of solids carried up by the hot gases. 
One of the gases produced is carbon dioxide, a substance 
you know a lot about if you studied Volume 2 of ISCS, The 
wax and wood of the match contain Hydrogen, in addition 
to carbon. 

□2-8, When hydrogen (H) combines with oxygen (O), what 
product is formed? 

□2-9. A very important product of the burning is energy. 
What forifis of energy did you obser\T during the burning? 

You can sec tliat when a simple match burns, some very 
complicated things happen. In fact, a complete description 
of all the changes would be very xomplicated indeed. How- 
ever^ the important thing is the fact that the burning match 
changes its own surroundings. It does this in two b^sic ways. 

First, the burning match takes something away from it6 
surroundings* 



1^, 





And second, the burning match adds things to its sur- 
roundings. 
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U helps to think of the match and the sOirrounding air as 
« system. You may recall that a system is a set of things that 
influence each other. In other words, a .system is a set of 
things that have some effect on each other. 





.The things that make up a systent are called components. 
' The match and the surrounding air pay be thought of as 
I the components of a system. Figure 2-4 illustrates what hap- 
pens in) this system as the match burns. • > 





5 





5 



^ As the match burns, it releases Certain products into the 
air. These products are its output. 
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Figure 2-4 



□a-10. What is the input to the match from the air? 
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Figure 




\ 

The match's total output includes all the products it gives 
to its surrpundings. Most of the match's outpul goes into the 
surrounding air. This output of heat, gases, and solid particles 
changes the surrounding *air. The air's input of oxygen to 
the match is necessary for it to burn. This inpuf causes great 
changes in the match. Figure 2-5 illustrates the idea that 
output for onf component is input for the other. 



i:ia(|KmiJii;IiJ 





2-11. Thit questloh points up for the student 
one pt the key ; ideas of environmental 
acience. Answers Will vary, but most students 
ahould be able to see that they are removing 
oxygen from the iair und adding carbon 
dioxide and water vtpor to the air. In addition^ 
the student it cau$lng air to move, and |s 
heating It. Moreover, he is influencing his 
surroundings Just by being there, taking up 
apace. 

12 CHAPTER 2 



In the first paragraph of this chapter, you were tolt^that 
most people believe they have no important influence on 
their surroundings. Your activities have shown that something 
as simple as a friction match can change its own environment 
and, in turn, be changed itsdf. Do people match up? Do 
' the effects of people and other living things on their sur- 
roundings compare to those of a burning match? 

, □2-11. Are you having any influence at this moment on your 
surroundings? 

Think of yourself and the surrounding air a$ co/nponcnts 
of a system. Remember that components influence each 
other. Figure 2-6 of your Record, Bbok suggests that an ig- 
put-6utput exchange is occurring between you and the air 
right now. x - 



□2-12. In Figure 2-6 of your Record Book, list under (he 
proper heading those things being exchanged between you 
and the air. Then have your teacher check your work before 
goin^ ahead. 



2-12 Note tho Instructions for your check 
before the student procoeds You may want 
to initfal a book when you chock it. 

^ Figure 2-6 
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As you take in oxygen from the air and release CO^ and 
heat, you produce important changes in your surroundings. 
You increase the temperature. You increase the amount of 
- COj in the air around you, and you decrease the amount 
of oxygen. These changes occur even when you sit quietly. 
You really do influence your surroundings. But how can one 
person's effect be important? 

□2-13, Suppose everyone in your room struck one match 
at the same time. Would the heat, smoke, and odor produced 
make a noticeable change in the room? 

The small effect that each person has on changing the 
surroundings may at first seem unimportant, just as the effect 
of one match seems so small. But combining many small 
effects ca(i produce gre>t changes in the environment. One 
person all alone may have little effect on his world. But the 
total effects of maiw persons living close together can be 
'v^disastrous for their suYroundings. 

Living things have an important effect, on tj[ieir sur- 
roundings. All creatures and plants have a set of input-output 
needs. Each one must take in certain solids, liquids, and 
gases. And each one must have the energy it needs to change 
these raw materials into chemicals its bodyfcan use. 
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2-14 and 2-15. Thwe are leading questions. 
Some students may know that, along with 
other things, plants take In oartx>n .dioxide 
and give out oxygen. Animals take In oxygen 
and give out 6art)on dioxide. The next several 
pages will go Into this more thoroughly. 



□2-14, In your Record Book, list the things that each of the 
living organisms shown in Figure 2-7 must take from its sur- 
roundings in order to survive. 

Fox 



Com Plant 



Rat 



"Bug" 



□2-15. What output products would you predict for each 
living orgatiism in Figure 2-7? 



Com Plant 



Rat 



-Bug- 



Fox 
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Each of the organisms in Figure 2-7 needs to take in air, 
water, and certain solid substances from its surroundings. The 
solids taken in by the plant are usually dissolved in the water 
that comes in through the plant roots. Each 6f the organisms 
also produces certain waste products, which are output to 
the surroundings. These Wastes result from the chemical 
changes occurring within the organisms. The combined ac- 
tivities of living organisms change th? environment. These 
changes in the environment have their effect on the living 
things. This constant interaction of environment and the life 
it contains is illustrated in Figure 2-8. 




fV • 6' ' 



if- 



j:>:". 
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Living organisms affect each other, too. These effects may 
be indirect, or they may be direct. If one animal eats another, 
he is certainly having a direct effect on that animal. Indirect 
effects between living things are usually not so obvious. They 
generally involve input-output exchanges between some or- 
ganism and its surroundings. The resulting changes in the 
surroundings then affect some other organism. Thus the in- 
fluence of one organism on the other is indirect. See Fig- 
ure 2-9. 



Ftgurt 2-0 






2- to Direct effects might Include Iho follow- 
ing rat e«t8 the corn, fox oats the Vat. corn 
shades or hides both the rat and the fox 

2-17 Indirect effects might Include these: 
corn replenishes oxygen in the air for the rat 
and fox: carbon dioxide from the rat and fox 
is used by the corn; waste products from the 
rat and fox fertilize the corn. 

Don't try to teach the complicated process of 
photosynthesis to the student The Important 
thing for the student to see Is the gross irrput- 
output system of the green plant without 
focusing on details at this point 



□2-16. What direct cfTccls do Vou suspect the living things 
in l igurc 2-7 have on each olhcl" 

□2-17. What indirect effects d© you suspect the organisms 
in Figure 2-7 have on each other? • 

Look at a specific example of a very important indirect 
influence of one group of organisms on another. In addition 
to supplying a source of solid food for some animals, green 
plants also increase the amount of oxygen in the air. When 
light shines on' them, a series of complicated chemical 
changes occurs within green plants. This series of chemical 
changes is called phofosyruhesis. puring photosynthesis, air 
and water are taken in by l^e plant. Some oxygen and a 
lot of carbon dioxide are removed from the air and used 
by the plant to supply its own needs. While photosynthesis 
is occurring, the plant produces more oxygen than it uses. 
This excess is released to the atmosphere. 





FIgura 2-10 



water 
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During photosynthesis, the output of green plants 
increases the amount of what gas in the surroundings? 

Q2-19. During photosynthesis, the intake of green plants 
decreases the amount of what gas in the .surrounding air? 



□2-20. Complete the diagram in Figure 2-11 of your Record 
Book by indicating the input-output gases exchanged be- 
tween green plants, animals, and the atmosphere. 






The indirect effect described in Figure 2-1 1 is very impor- 
tant. Animals take oxygen from the atmosphere and release 
CO2. Plants take COj and some oxygen from th^ atmosphere 
and release lar^e amounts of oxygen. Each kind of living 
organism (green plants and ahimals) helps supply the needs 
of the other. The output of one becomes the input for the 
other, and the system is in balance. 

□2-21. W^at would happen to the surrounding atmosphere 
if all green plants were suddenly destroyed? ' 

□2-22. What would happen to the surrounding atmosphere 
if the number of animals needing oxygen were suddenly 
increased greatly? 

As mentioned earlier, all living things must have energy 
to change the raw materials they consume into chemicals 
their bodies can use. Green plants get their energy directly 
from the sun. Through Jthe process pf photosynthesis, green 
plants are able to trap light ejiergy from the sun. This energy 
is used by the plant to build the chemicals needed for growth. 
These ^hemicals store some of the energy that came origi- 
nally from the sun. Because green plants are able to take 
energy directly from the sun and store it in the chemicals 
of their bodies, they are called producers. 



2-20. Strictly apepklng. onlmnis and plants 
both take In air from tho atmosphere They 
both use tho componorrla that thoy need from 
this air. Animals then give out a larger amount 
o(c«rt}Qn dioxide, and plants a larger amount 
of oxygen, than they took in. 

FIgur* 2-11 



2-21. The answer most likely is that the 
carbon dioxide In the atmosphere would 
Increase $nd the oxygen decrease. Not so 
evident, and not to be expected from the 
student, are the effects on water vapor and 
the meteorolbgical factors of temperature 
modification and dust storms. 
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Most animals cannot get the cnergy,thcy need dirccUy from 
the sun. They cannot carry out the process of photosynthesis. 
Animals must depend on getting the sun's energy in one of 
two indirect ways. They can eat green plants, or they can 
cat other animals "That eat plants. Animals are called con- 
sumed. 
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2-24. If student* h«,v« diHjculty with this 
Input'Output diagram, r«f«r them back to the 
earH«r examples (Figures 2-1 2. 2-11, 2-5), It 
may help to have them look at two compo- 
nents at a time, then another two. etc. For 
WMhpce. what relationships are there be- 
- ^Hpn produciars and surroondingis? be- 
tween producers and consumers? t>etween 
v -oundlngs and de€ompo»«r*? 



18 CHAPTER 2 



□2-23. The output of plants (oxygen) and the plants them- 
selVes. benefit animals. What output of animals can be of 
benefit to green plants? ' ' , 

In addition to the CGj they rdSse, the waste products'^ 
of the animals and their bodies wHen they die arc beneficial 
to plants. But.'if plants are to be able to use these .waste 
= products, atiother kind of organism must be involved. Micro- 
scopic organisms— mostly bacteria— in the soil and in the air 
can^^roduce chemical changes in the waste materials, and 
dead bodies, of animals and plants. The products of these 
cheimcal changes can then be used by living plants. The 
microscopic organisms, aS a^roup, are known &s decomposers. 

□2-24. In your Record Book, sketch an input-outp'uf dia- • 
gram in which you illustrate how the components in the. 



system shown in Figure 2-13 influence each other. Show all 
the mpui-ouipui relationships you can ih.nk of. Remember 
j^csc relationships may be direct. Or they may k^e indirect." 

Each living thing aflects its environment and thereby other 
living things. If input-output cflects are in balance, the envi- 
ronmcm ,s safe from damaging change. But if for. some 
reason (he inpi^it-output balance is upset, drastic results may 
occur, " . 

□2.25. What do you predict would happen if all plant con- 
sumers in an area were suddenly killed? 

□2-2« What would &e likely to be thtj result of poisoning 
all the decomposers in a given area? , 

□2-27. What woujd be the effect, in a 'given area, of a 
sudden increase in animals that consumed other animals? ' 

Man h^s aflTeqted the relationships betwe;en many of the 
organisms in his environment. Sometimes he has done this 
a<3cidentally. At other titiies he has purposel)^ tried to change 
natural balances. If you would like to learn more about one 
suith attempt, turn to Excursion 2-2, "Bounty Hunters," 

At thfe beginning of this chapter, you saw how even small 
changes in the environment are important. They add up to 
\Afgc effects*. The effects of your own personal activities 
-though they may seem small, are really quiie important The 
livmg and nonliving world depends on an input-output bal- 
ance. Man's^ activities dan either keep or destroy that balance 
Keeping things in balance is a tough job. Your activities are 
part of man's total effect on the environment. Therefore you 
must accept part of the responsibility for keeping things in 
balance. The following chapters wiU.help you see what kinds 
of problems you and your surroundings face. 

B«lor« going on, do Solf-Evaluatlon 2 in your Record Book. 





Figure 2-13 



Excursion 2-2 is for general use. It examines 
one of man's attempts to affect the environ- 
ment for his own penefit. Some students may 
have difficulty >^th the mathematics Invplved. 



GET IT^'READY now FOR CHAPTER 3 

Each student" or student-team will need a 
number of items that are listed at the begin- 
ning of the chapter. Among then;^ are baby- 
food Jars, which must be supplied locally. l} 
yQu have not built up a Supply from your stu- 
dents, do so now. You will also need test-tube 
racks, which c^n be made from wax-coat6d 
milk cartons or shoe boxes. Students will 
need a timing device If your room does not 
have a wall clock. You need to prepare the 
methylene blue Indicator solution as follows: 
add 0.1 gram of methylene blue crystals to . 
600 ml of water. If you do not have a centi- 
gram balance, you will h«^tQ measure 1 
gram and visually take ^ of \tWn'{ make the 
solution any more concentrated: it will 
Increase the length of time for reactions to 
occur. 
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EQUIPMENT LIST 
Pmr ttudent-taam 

1 plastic spoon 

2 baby-food jars 

1 teaspoon of powdered milk 

1 tMapoon of dry yeast 

2 air platons 
1 stirring rod 



3 tost tijbo3 i:3 K )00 mm 
1 test-tube rack 
Watch or clock 

Per cla8« 

100 ml of methylene blue solution In dropper 

bottles 
Test-tube brushes 
Wax marking pencils 



CHAPTER rMr»HA!SIS 

Pollution of water by sewage affects the 
amount of dissolved oxygen ih the water and. 
In turn, affects organisms living m ,tho water. 



Water, Water Everywhere Chapter 3 



But 



Excursion 3-1 Is keyed to this chapter. 



• „ rUed as killer 
Pollution cue 



MAJOR POINTS 

1. Decay orgartisms use the dead bodies and 
waste output of other organisms as (I 
source of food. 

2. In th« nrnr>i 



source of food. 

2, In the process of decomposing waste, 
decay organisms tgke In oxygen and release 
carbon dioxide, 

3. Th« riAArl fnr nwriAn Kv/ Ih/inn «r, 



c;«ruun uioxiae. 

3, The need for oxygen by llvmg organisms 
Is known as the biochemical oxygen demand 
(B.O.D.), 

4, Increasing the input of sewage In surface 
waters Increases the B.O D of (he decay 
organisms by Increasing their population. 

5, A decrease of oxygen In surface water can 
seriously affect living things in (he water. 



^ ,y ftf*<tSS»<^ 



This artiqie should be of Interest to students. 
«n<l rto^ help to point out the magnitude 
of th^wtem of keeping our waters free of 
pollution. 



Students. 
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Not<i that th6 fttudenl is being oncouraged to 
use the systems approach from Chapter 2 jn 
studying the Input-output systems o* lakes, 
streams, and rivers. 
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In this chapter and the next two, you will investigate some 
important changes lhat are taking: ph\cc in our lakes, streams, 
and rivers. Your job is to find out how the input-output 
systems in these waters respond to these changes. A good 
place to begin is by investigating the efTect of man's output 
on some of the smallest-living things— the microorganisms. 

Almost all natural surface waters of the earth contain 
bafcteria^nd other microorganisms. As y^u know, decom- 
posers, mostly microorganisms, use the dead bodies and 
waste output of other creatures as their source of food and 
energy. As they do this, they take in oxygen from the sur- 
roundings and release CO^. 

□3-1. Where do the microorganisms living in surface waters 
get the oxygen they need to live? 



BIOCHEMICAL OXYGEN 
DEMAND 



The term biodegradable will be Introduced to 
the student In the next chapter, so It Is not 
necessary to bring It up here. However, this 
describes a large percentagci of the sewage 
that is t>elng talked about in this chapter. 
Microorganisms decompose or degrade these 
wastes, and essential elements are returned 
to the environment. 

3-3 and 3-4 ask for predictions that the 
•student should be abl^ to make. Normal pre- 
dictions would be that Increasing the food 
supply of an organism would Increase the size 
of the population, and more organisms would 
require more oxygen. The student wilt check 
his prediction to question 3-4 by an investi- 
gation, but the prediction to 3-3 will not be 
. checked. 
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Most living things must have some oxygen to live. Oxygen 
is an important reactant in many of the chemical changes 
that occur in the bodies of living things. Therefore, it is 
essentia] that this gas be available in the water environment. 
The need for oxygen by living things }S known as the bio- 
chemical oxygen demand {B.O.D.). « 

□3-2. Which organisms that live in the water might be sup- 
pliers of oxygen? 

In the series of activities that follow, you will investigate 
how the B.O.D. of microorganisms is affected by changes 
in the water surrounding them. Then you may see that the 
B.O.D., in turn, affects the water. 

As mentioned earlier, decay organisms feed on waste ma- 
terial; theret9^;e, sewage is a source of their food supply. 

□ 3-3. What effect do you predict increasing the food supply 
of an organism will have on the size of the population of 
tt^t kind of organism? 

□3-4. Suppose ^he amount of sewage being added to a river 
were increased. What efTect do you predict this would have 
on the B.O.D. of decay microorganisms? 

You could ch^ck your answer to question 3-4 by investi- 
gating the eflects of sewage on decay microorganisms. How- 
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ever, rather than work with such an unpleasant material, you 
can investigate a similar system that is more sanitary 

If you had Volumo 2 of KSCS. you are already acquainted 
with yeast, a nucroorganism that uses sugar as a source of 
food. Yeast will represent the decay organisms in the river 
water. Powdered milk contains sugar and will represent the 
sewage that is dumped into the river. 



Yeast Is a single-celled plant-a special kind 
of (ungl. It breaks down (degrades) the sugar 
molecules Into alcohol and carbon dioxide. 
Oxygen. If present, Is used up in the process. 
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You win investigate .how'increasing the amount of sewage 
m,lk) affects the oxygen demand of the decay orgarisms 
(yeast). To do thiS^ you will need about 25 minutes and the 
tollowmg materials: 

I nl»<:riV c^r^^ Ramomber that baby-food jprs and test-tube 

1 piasuc spoon racks are local supply items. 

2 baby-food jars 

I level teaspoon of powdered milk 
I level teaspoon of dry yeast 

1 dropper bottle of methylene 
blue solution 

2 5-inl air pistons 
1 stirring rod 

3 test tubes (all the same size with 
capacity of at least 10 ml) 

1 test-tube rack 
1 wax marking pencil 
I watch or clock 




ACTIViTY 3-1. Prepare a sample of milk by slowly stirring 1 
teaspoon of powdered milk into 20 ml of tap water in 
a My-fQod jjar, Mark the jar with an "M.* ' 
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ACT(VITY 3-2. Prepare a tai^l^ of yeast by slowly atlrring 
1 level teatpooh of dry yeast into 20 ml of water and mixing 
thoroughly. After a minute or so, stir the mixture again. Be 
sure the yeast is well mixed and has not settled to th^ l>ottqrn. 
Label the jar "Y." ^ 

Clean glassware is vital In all these actWHlM. 



Baby-tood Jar 



20 ml wator 




ACTIVITY 3-3. lise the markii^g pencil to number three clean 
test tubes "1" through "3." These tubes should hold at least 
10 ml of liquid. 




ACTIVITY 3-4. Using one 5-ml air piston for water and ihiOth«r 
5-ml air piston for milk, add to the three test tubes the exact 
amounts called for in Tatjie 3-1. Stir each mixture thoroughly. 

□3-5^ What is the total volume of liquid in each tube? 
□3-6. Which tube has the. highest concentration of milk? 
□3-7. Which tube has the lowest concentration of milk? 

The methylene blue solution you will use next is called 
an indicator. Its blue colorindicates the presence of dissolved 
oxygen gas. If methylene'' blue is added to a liquid containing 
dissolved oxygen, and if the oxygen is theh used up/^Jhie blue 
indicator will become colorless. This is illustrated inTigurc 
3-1. Notice that both tubesS show a colored layer at the ^f^e 
of the liquid. " • 
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Tcji Tube 


\filk (ml) 


Water (ml) 


Conccniruiion of Milk (•?•) 


1 


0.5 


5 5 


8.1% 


2 


. 3.0 


3.0 


\ 50 % 


3 


6.0 


0 


\ 100 % 



Table 




Figure 3-1 



□3-8. Why W9uld methylene blue indicate that oxygen is 
present at the surface of the liquid- in Figure 3-1? 

ACTIVITY 3-5. Add 20 drops of methylene blue solution to 
•ach tube. Mix thoroughly. 

P3-^». Does each of the three milk-melhylene blue mixtures 
contain dissolved oxygen? 

You are about ready to mix the milk (sewage) and the 
yeast (decay) microorganisms to see what happens to the 
ft.O.D. The milk mixtures in tubes 1, 2, and 3 represent 
different concentrations of sewage. Look again at your answer 
to question 3-4. 

□3-10. What do you predict will happen to the blue color 
in the three tubes if the yeast uses up all the oxygen? 

□3-11. In which tube would you expect a chartee to occur 
first? ^ 

You arc now ready to mix these with Ihe microorganisms. 
Instead of adding the sewage to the yeast, it j&^casier to add 
the yeast to the sewage. 

You will need about 20 minutes to complete all your ob- 
servations. 




Methylene 

blue 

solution 



Que9tlon 3^8 Is an Interesting one The blue 
layer will remain on the surface after the color 
^jas disappeared in the body of the tube. This 
l8*l)ecause the oxygen from the air dissolves 
In the upper layer of the mi;<ture. Don't give 
It away. Let the students ponder and discuss 
it 

3-11. They should expect the change In the 
tube with the greatest cohcentration of milk 
to occur first if they predicted that an increase 
in food supply (sewage) for the organisms 
would increase the B.O.D. in questiorf 3-4 
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Nolo that you are called upon 1p have a 
sample tube prepared This can be one In 
which a milk solution and methylene blue 
have been used, with no ye£tst. Thus It will 
remain blue in color for comparison purposes. 
It can be located in an easily observable place 
and labeled as a sample. A second tube could 
be prepared with milk, yeast, and methylene 
blue for the colorless sample. 

3-14 Apparently the greater the concentra- 
tion of milk (food supply), the faster the 
oxygen Is used^ Note, however, that students 
have no way of knowing whether this was 
caused by an increase in the numt>er of orga- 
nisms or by Increased activity of the orga- 
hisms present. 



ACTIVITY 3-6. Add 2 ml of yeast soliitron to the first test tube, 
mixing thoroughly. Record In Table 3-2 the exact time the 
mixing starts. Once the timing has begun, don*t disturb the 
tube. Jostling It will Introduce air Ipto the liquid. 

While you are waiting, you should repeat this procedure lor 
the other two tubes. Be sure to record the starting times In 
Table 3-2. ^ 

ll may take several minutes Tor any change to occur. 
Observe carcfully^Record the 'Time of change" for each 
tube when yoy see that the blue color has disappeared from 
all but the surface area. Note that because of the addition 
of the milk-yeasl mixture, the solution will not be colorless. 
Take a look at the sample tube your teacher has prepared. 
This will help yon^know when the liquids have lost all their 
blue color. 

Table 3-2 . 



Time for Change to Occur 



Test 
Tube 


Time of 
Mixing 


Time of 
Change 


Total Time 
for Change 


1 








2 








3 
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□3-12. Was your prediction in question 3-10 correct? 

□3-13, Did you predict correctly for question 3-11? 

□3-14. 'How do you account for the differences in time 
required for the color changes to occur?* 

The more food supplied to the microorganisms, the faster 
the dissolved oxygen supply is used up. This is what you 
have observed. How do these obser\^ations apply to the decay 
microorganisms in surface water? 

11 

□3-15. \^at effects would dumping large quantities of sew- 
age into a river, stream, or lake be likely to have on the 
amount of oxygen dissolved in the water? 
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When Ihe food supply oC a popiihnion oC organ.Mrib is- 
increased, the population usually increases. K .thc population 
of an organism increases-, the biochemical oxygen demand 
of that population must ah^u\crcmc. These relationships arc 
iHustralcd in Figure 2-2. . ^ 

03,16. What do you predict happens to the population of 
decay microorganisms when sewage is dumped into their 
environment? 

□3-17. Predict 4he effect an increase in decay microor- 
ganisms would have upon their biochemical oxygen (Remand, 

□3-1». What effect would increasing the B.O.D. of one kind • 
of orgmj^ism population have on the populations of other 
oxyg<5;^using organisms in the same environment? - ^ 

If sewage that is dumped into a lake^or river is to be 
decomposed (reduced to smaller particles)i^decay organisms 
must do it. In response to the input of sewage, the organisms 
increase in number. How fast does the microorganism popu- 
lation increase? 

Microorganisms reproduce by dividing. Each one divides 
into two exactly like the first. 



Food supply 



Figure 3 




Food supply '^-^ 
3-18. Som« may die, or leave the area If (hey 



can. 




If sufficient food and oxygen are available, some microor- 
ganisms can divide as often as every 20 minutes. 

□3-19. Suppose you had one such organism. After 40 
minutes, how many would you have? After 20 minutes more, 
how many would you have? 

□3-20. Suppose you started with one microorganism that 
divides every 20 minutes. Suppose, also, each new organism 
that IS produced live.5 and is able to continue dividing. How 
many of the organisms would there be in 2 hours? 



This rapid increase in population is an Impor- 
tant point In working with living things. The 
student should have little difficulty with the 
first few "doublings" (question 3-19, 4 and 8 
question 3-20, 64). On tMe next page In 
qMostion 3-21, a 3-hour period will show an 
increase to 512. But In another 3.hour period 
the numtwr will Increase to over a quarter 
million, and will pass the million martt durino 
the 7th hour. 
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Figure 3-3 



Hours 



3-21. In 3 hours the pop\jl$tion will Increase 
to 512. so the scale on tfTe vertical axis must 
allow for this On this scale, the first few 
doublings will be difficult to plot. This may 
bother some students. 



Problem Break 3-1 

Without extensive equipment and much time, 
the studer^l cannot see the increase In yeast 
population by normal growth. But here he car^"* 
arbitrarily increase Ihe population and note 
the effect. , Be sure that the amount of^mllk 
(food) is held constant. 




□3-21. In l ipure 3-3 of your Record Book, sketch an ap- 
proxiniaie graph rcprcseniing ihe popiihtiion mcrcase of the 
microorganisms during a 3-hour period. 

□ 3-22- How should the increase in an oxygen-using popula- 
tion of microorganisms affeci the amount of oxygen present 
in «n environment? 

From lime to lime in this unit/ you will be asked to do 
Problem Breaks, These are problems for you to solve, without 
much help from your book or your teacher. Vhe problems 
will usually help you to understand what you are stujlying 
in the chapter. JBut that's not their mrtjor purposi^ TKey al^ 
designed to give you practice in problem solving, and in 
setting up your own experiments. You should try every Prob- 
lem Break — even the lough ones. And in most cases, you 
should have your teacher approve your plan before trying 
it. The first Problem Break in this unit is coming up next. 

PROBI^M BREAK 3-1 

Design an experiment to find out if increasing the amount 
of yeast increases the amount of oxygen consumed. Let your 
teacher revie\v^your plan before you begin the investigation. 
Record your piKi^, results, and conclusions* in your Record 
Book. ^ 
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Now let's look "at what you have found in this chapter. 
A large input of sewage into surface water upsets the input- 
output balance. T|iere is a rapid increase in the population 
of microorganisms (Figure 3-3). As a result of this mcrease, 
a great demand is placed on the available oxygen. 

This makes it tough on otherliving things that need oxy- 
gen. Even the decay organisjyif begin to suffer as they use 
up their oxygen supply. If they can, organisms will move 
to a more favorable place. Of course, some organisms, such 
as rooted plarKs and attached animals, are hot able to move. 

Decay microorganisms chemically decompose sewage and 
other wastes. The.se organisms^are very important. They help 
keep the environrnent clean. And they are the primary means 
whereby the chemical elements necessary for life can be 
released from dead bodies and other wastes to the soil and 
water. Figure 3-4 illustrates the role of decay organisms. 

A?^long.as there isn't an overabundance of waste materials 
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, m the water, the micfoorganisms can decompose most of the 
chemical CQ;mpounds thut tie up the elements. However 
when an abundance of waste material is added to' their envi- 
mhment, the microorganisms reproduce rapidly. With the 
increase in the population, the rate of decomposition in- 
creases. This uses up the ojcygen in the water more rapidly. 
ITiis effect of sewage and other wastes on the biochemical 

' oxygen demand is very important. It accounts for the "oxygen 
death" of many rivers and lakes. 

You m*y w«nt to start a t>ulMI(n bSard display 
PROBLEM °" P°""*'o" <hat fll can r«ad. Save the 

ivoUM DNCAK 3-2 articles for possible use In later chapters. 

The pollution of our environment is receiving worldwide 
attcnuon. Y6u might want tb collecvfiewspape^r and magazine 
articles and pictures related to pollution problems These 
could be used in preparing a display for your science Zoom. 

In this chapter, you've investigated one kind of water pol 
lution. In the next two' chapters, you will investigate addi- 
tional examples. Before going on, however, you should be 
sure you arc familiar with the "water cycle." To reviejv this 
importent iaca.-tbrnto Excurtlbn 3-1, "A Drink of the^Nile." 

B«fOf« going on, do 8«iNEva|uation 3 in your Record Book. 



Figure 3-4 

GET IT READY NOW FOR CHAPTER 4 

You will need 1% and 6% detergent solutions 
and phenol red and methylene blue indicator 
solutions. Prepare as follows: ' - 

1. 1% detergent solution: Mix 1 ml of liquid 
detergent* with 99 m) of water. Label. 

2. 5% detergent solution: Mix 5 ml of liquid • 
detergent* with 95 ml of water. Label. 

3. Phenol red sotutlon: Use distilled water 
Dlaedve 1 q of sodium hydroxide pellets 
(NaOH) In 1.00 ml of water.' Label 'NaOH 
Stock." In a separate container, dissolve 1 a 
of phenol red in 200 ml of WaWrrTLabel 
•Phenol Red Stock." To pr«fpawsThe phenol 
red Indicator as needed, add 4-<Jrops of NaOH 
stock to 20 ml of phenol red stock. Add water 
to make 200 ml of ihe indicator solution 
qispensa from labeled dropping bottles 

4. Methylene blue solution: See end of 
Chapters 

♦Note: Any brand of deter^c^ill work, but 
avoid using those with enzymes. 

Excursion 3-1 Is for general use. 
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? Mil molhylofift l)liio ^lolulion 
2 ml phonol recj ^ioiution 

Per Clnss 

Wax marking pencil 
1 100 ml plastic gn^duated cylinder 
Scissors 

Modiclno droppers 



EQUIPMENT LIST 

Per sUident-team 

4 plastic petrl dishes with lids 
1 paper towel 
64 radish seoda 
10 ml oT 1% detergent solution 
10 ml of 5% detergent solution 

4 plastic vials with hdS ..uu.^k.u uruppors 

The Undesirables 

Excursion 4-1 la for general use apd may bo 
done at hom«. 



You are very fortunate if yo^u are the first human to use water 
during its most recent cycle on the earth. Most of us drink 
water that has already been used by one or mofe persons 
upstream. Of course, the used water is usually safe because 
it has passed through purification plants, However, as the 
earth's population increases,- more and more water is used 
again and again during its journey to the sea. And it becomes 
exceedingly difficult to remove undesirable chemicals from 
water. In this chapter, you will investigate the effects of two 
substances that can be considered as undesirable— cleaning 
agents and pesticides. Normally useful to man, these sub- 
stances are most undesirable in surface water. 

Up until the I930's, soaps w^re the principal cleaning 
agents for home and industry. Then detergents were devel- 
oped. They rapidly became very popular because they had 
better sudsing properties than soap. Detergents were faster 
acting and longer lasting. And detergents did not leave the 
common "bathtub ring" so characteristic of soaps. Unfortu- 
nately, the good cleaning features of detergents turned out 
to be their poorest characteristics as far as surface water was 
conccrneil^s detergents from millions of kitchen and bath- 
room sinks and from thousands of factories and businesses 
were dumped into surface waters, suds began to collect in 
rivers, streams, and lakes. Because the detergents are so 
long-lasting, sudsy water even flowed from taps in some 
homes! Surely such contamiTiated water must affect living 
organisms. Perhaps you would like .to see for yourself 

What do you predict will happen to seeds a farmer sows 
if the water he us^s to "get (hem going" (germinate them) 
contains detergent wastes? Will the detergent affect the num- 
ber of seedlings that germinate? Will it affect the seedling's 
growth? 



CHAPTER EMPHASIS 

Contaminants In water m^y Interfere with 
germination and growth of seedlings; acme 
moy lend to accumulate in living crenturos in 
Increasing amounts In the food web. 
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MAJOR POINTS 

1. Detergents in water Intortdre with germi- 
nation of seeds. 

2x Greater concentrations of detergents have 
a greater effect on growth 

3. Chemicals that can be decomposed by 
microorganisms are said to be biodegradable. 

4. Nonbiodegradable cheraicals can accumu- 
late in water supplies, and can increase in 
concentration in succeeding stops of the food 
web. 

5. Nonbiodegradable pesticides can seriously 
affect species of fish and birds, as well as 
larger animals. 
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EQUIPMENT NOTE 

The activities fn the chapter call for the dis- 
pensing of varying amounts of solutions The 
detergent solutions In the opening activity can 
bf) measured with the graduated cylinder. The 
methylene blue and, phenol red solutions in 
Problem Break 4<1 can bd measured in 1 mi 
amounts by using medicine droppers The 
following method pf handling could be used 
Place the solutions in stoppered bottles or 
baby-food jars wlfh caps. Tap^e a test tube to 
the side of each bottle or jar. Put fi medicine 
dropper In the test tube. The dropper should 
stay with the test tube and solution to avoid 
contamination in dispensing. 20 drops equals 
1 ml. This method could also be used lor 
adding water. 




Note that thes^a activities will take several 
days to complete. The covered petrl dishes 
should not present much of a space problem, 
since they can be stacked. The seeds do not 
need light for germination. Be sure that 
students Initial and label their dishes as di- 
rected. 



In the fbJlowing activities, you will try to answer (hckc 
questions. You will investigate the elVect of detergent on the 
germination and growth of seedlings. You and your partner 
will need about 15 minutes (o set up the investigation. Com- 
pletion of the experiment will take several days. Rather than 
wait for things to happen, you will be starting other activities 
as soon as you get this first one going. Get the following 
materials: 

1 wax marking pencil 
4 plastic petri dishes with lids 
4 pieces of paper toweling cut to fit 
the bottom of the petri- distics A 
40 (approx.) radish seeds / 
10 ml of 1% detergent solution (already prepared) 
1# ml of 5% detergent solution (already prepared) 
c 

water 




ACTIVITY 4-1, Be sure Ihe pelrl dis 



clean. Then label 



them as shown, using a wax marking pencil. Using ^ ordinary 
pencil, put your Initials on each piece of toweling and piac« 
one piece of towel in each dish. 



Labels 




ACTIVITY 4-2. Pour 10 ml of tap water Into eachpf the "con- 
trol" dishes. Pour 10 ml of the 5% detergent solution into the 
dish marked ''5%." (You are using two control dishes here 
because you will need them both later.) Put 10 ml of ttto 1% 
solution in the dish marked "1%/' 
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ACTIVITY 4-3, Place ten radish seeds In each dish. Spread 
th#m out as shown. 

ACTIVITY 4-4, Cover each dish with a taped-on lid and put 
n%4 dIshM In a place provided by your teacher. Begin yc^ur 
observaffbns of the seeds during your next class period, as 
Indicated In Aptivlty 4-5. 




Tape 



If you have sonnie time remaining in this class period, you 
may begin the foUowing problem break. 

PRPBLEM BREAK 4-1 

Do cherfucal changes occur in a seed as it germinates? For 
example, does it exchange gases with its environment? Here's 
how to find out. You will need the following materials: 

2 doz. radish seeds 8 ml tap water 

4 plastic vials with lids 2 ml phenol red 
2 ml methylene blue. 

Put about a dozen radish seeds into a plastic vial. Add 
2 ml of tap water and 1 ml of methylene blue indicator. 
Prepare a. control by putting 2 ml ofVater and 1 ml of 
methylene blue indicator into another vial. Leave the seeds 
out of the second vial. . ^ 

Repeat the same procedure with two more vials, but use 
phenol red indicator instead of methylene blue. (A change 
an color of phenol red to yellow can he used to indicate the> 
presence of CO.^ gas.) 

Note and record in your Record Book the initial appear- 
ancc of each of the four vials. Set them aside in a designated 
place until tomojxpw. Then record your observations, again 
and provide a written explanation of the results. Your discus- 
sion should include answers to the following questioi^s: 

1. Do chemical changes occur in a seed as it germinates? 

2. Do germinating radish seeds, absorb, or release^C02? 

3. Do germinating radish seeds absorb, or release, oxygen? 




Initial appearance: 2 vials, deep blue, 2 vials, 
rod. After 24 hour's, vials with aeedg have 





turned light blue and orange respectively. 
Note that oxygen was taken from the water 
and carbon dioxide added to the water, so the 



L 



1 





seeds wve respiring This is not the same aS 
photosynthesis, where oxygen is given oil and 
carbon dioxide is taken in by the plant. 
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If 24 hours or more have p^issed since you did Activity 
4-4, you are ready (o go ahead with Activity 4-5 and to start 
Toblc 4-]. Be sure to record how many hours it has been 
since you put the seeds in the vials. 



^, ^ , , . Number of seeds germinated 

% Germinated 

Total number of seeds in dish 

/ 

Students may be bothered by ^ the fact that 
100% of the seeds In the two control dishes 
do not germinate. You should point out that 
even with th*e best possible conditions, all 
seeds are not always viable. 



Table 4-1 



ACTIVITY 4-5. Look at Ihe dishes with the radish seeds. Do 
not remove t^e covers. Record the percent germinated in 
the space provided in Table 4-1 of your Record BooK/Flve 
out of ten would be 50% germinated. (A seed has germinated 
If you can see part of a root poking out of It). Don't throw 
the seedlings away! You'll observe them again and you may 
want to use them for Excursion 4-1. 



Day 
- Observed 


Hours 
Elapsed 


DISH C 

(Control): 
9r GcrmintUed 


1% 

Detergent SoUUion: 
^ Gcrininaled 


5% • 
Detergent Solution: 
% ^Germinated 


1 










2 










*3 











Note that in Table 4-1 and Table 4-2. more 
than Ik day may elapse between setting up the 
experiment and each of the three observa- 
tions, because of weekends^ t^is should 
cause no difficulty^ however, if the ^ lapsed 
hours are fil^ in. 
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□4-1. In Table 4-2 of your Record Book, describe the seed- 
lings in each dish. Your description should answer questions 
such as these: ^ 

1. Are the foots/stems, and leaves visible or not? 

2. Have the leaves unfolded? ' 

3. Are the Heaves yeHo\yish, whitish, or green? 

4. Are root h^irs (tiny fuzzy growths) visible? 



•1 

5 



Diiy 
Observed 


Description oT 
Scciilings in ^. 
Control Dish 


t.)cscnp(ioi\ of 
Seedlings in 1% 
Deiergeni Solution 


lX\senp(ii>n of 
Seedlii\g.s in 5% 
Dclergei\l Solution 


1 








2 


/ 






3 









Table 4-2 



You Should keep the covers on the seed dishes so that the 
water won't evaporate. Observe them again each day (or the 
next two class periods. Record the data that is called for in 
Tables 4- 1 and 4-2. 

In the meantime, check the results to Problem Break 4-1. 
Then go ahead to Problem Breaks 4-2 and 4-3 wflile you 
are waiting for the completion of the seed-germination time. 

PROBLEM BREAK 4-2 

You may Jiave noticed the tiny root hairs on the roots of 
the radish seedlings. Fxn(^ out what role these root hairs phiy 
in the life of4 plant. Yolir school library probably has several 
books and encyclopedias that gan tell you more about plant 
growth. Record your findings in your Record Book. 

PROBLEM BREAK 4-3 

Assume you live in a small town and you are the chairman 
of the city planning commission. A large detergent industry 
is interested in locating a new plant there. The plant would 
provide employment for 500 to 600 people. This would add 
over $1,000,000 per year to Ihe money spent in city stores 
and for local services- In addition, it would mean tax money 
for the community. If this company locates in your town, 
other industries may, in turn, decide to do so. This could 
be the beginning of major growth for your area. ^ 

The company's president admits that the new plant may 
cause some detergent pollution of a nearby river. He skys, 
however; that at this time his company could not spend more 
than a few thousand dollars per year in trying to ehminate 
this pollution. 



Encourage students to follow through on 
reading In Problem Break 4-2 If Jherp .is a 
problem about students going to the library, 
you might consider having reference materi- 
als in the classroom for their use For your 
information, most of the water is taken in by 
(he root hairs. 




Root hairs 
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The amount of discussion called for here will 
depend on Ihe sludenis In the group. If you 
see that a group is not getting far, you should 
suggest an Idea IQ gel Ihem going. 

This series of questions sums up the results 
of Tables 4-1 and 4-2 The students should 
find that the seeds germinate quicker In water 
than In eilher detergent solution For Instance, 
in a typical case. 90% qf the seeds germinated 
irieach of the two contiols In 24 hours. In the 
same time interval. In the 1% detergent 
solution 50% germinated, while none of the 
seeds showed any activity In the 6% solution. 
In addition, the roots were much larger in 
plain water These differences continue with 
longer time Intervals By the time of the third 
observation, the seeds in the control dishes 
had roots over 3 cm long, heavy root haii; 
growth and well-formed green leaves. The 1% 
dish was 80% germinated,jk«^th short yellow 
roots and no leaves or root hairs. There was 
40% germination in the 5% dish. 



As chairman ol the city, planners, you have fp vole for 
or against allowing the industry to locale ui your town. Think 
about the advantages and the disadvantages to your city. 
What additional information would help you decide how to 
vole? What will your vote be and why? Discuss your ideas 
with some of your classmates. 

You should now have completed your investigation of the 
edccis of detergent. solution of the germifiation and growth 
of seeds. Be sure you have completed Tables 4-1 and 4-2 
before going ahead. 

□4-2- Did cither the \7c or the 5% detergent solution seem 
to inhibit (slow down) the germination of the radish seeds? 

□4-3, Was the germination of the seeds affected by the 
detergent? If so, in what way? 

□ 4-4. How many of the seeds in the 5% detergent solution 
germinated? How many in the 1%? How many in the control? 

□4«t5. Describe the differences in appearance and size (if 
there are^ny) between the control seedlings and those in 
the 1% ^d 5% detergent solutions by the time of the third 
observation. 

□4-6. Wha< would you expect to happen to a farmer's crop 
yield if the watdt with which he irrigated his crops cpntained 
about 1% detergfcnt? 
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Excursion 4-1 unos tho soedlings from the hvo 
conlrol dishes Two additional popor towola 
end a rubber band fiire needed to prepare the 
soodtings if the excursion is (o be done at 
homo. 



As a result of your invcsfigation. you may have concluclcd 
thai the farmer could cxpeci a seamier crop orwhaicver he 
had planted. You might also have concluded that the planLs 
that lived would be likely to be weak and undersized. 

Perhaps you would like lo learn more about how deter- 
gents could affect crop growth. If so, turn to Excursion 4-1. ^ >X#i I ' ''•\^ I 
This IS an excursion you can do at home if you wish. You ^ ^ - J • > > ^. A I 
will need the control seedlings from Activity 4-5. You may 
discard the other seeds. To avoid damaging the seedliqgs, 
be sure to read the first two activity frames of this excursion 
now. 

The elTects on living things of chemical wastes from deter- 
gents and from industrial and agricultural processes are very 
important. These effects may be quite harmful, particularly 
to organisms living in surface waters. These bad effects re,sult 
mainly from one of two characteristics of chemicals: 

1. Some chemicals can be decomposed and used as a 
source of food for one or more living organisms. 

2. Some chemicals are not easily decomposed and accu- 
mulate over a period of time. 

In Chapter 3 you found that certain microorganisms de- 
compose chemical wastes. From this decomposition the decay 
organism gets the food it needs. In addition, essential ele- 
ments are returned to the environment for reuse by other 
living organisms. 

Chemicals that can be decomposed by organi.sms are said 
to be biodegradable. 



m 



If students tiave trouble with this word bio- 
degradable, you may want to remind them 
that the powdeted milk, which represented 
sewage, fell into this category The yeast 
microorganisms degraded, or broke down, 
parts of the milk Into simpler substances. 






Some of the chemicals from detergent wastes are a source 
of food for small plant organisms called algae (AL jee). 
Phosphate compounds are good examples. The presence of 
•these detergent wastes in streams or lakes produces rapid 
growth of these organisms. This increases their biochemical 
oxygen demand. 
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K □4-7. What happens to the amount of oxygen availablia::^ 

when the B.O.D. of an organism increases rapidly? 

04-8. How are other oxygen-using organisms affected? 

Figure 4-1 shows the result of detergent pollution of Lake 
Michigan. 

• • 

Figur*4-1 



4 , 




A rapid growth of algae resulted from an abundance of 
detergent phosphates. The algae in the lake population in- 
creased so rapidly that dissolved oxygen in the water was 
used up. This loss of oxygen killed the algae as well as other 
living things. Algae and other dead animal and'plant material 
Figure 4-2 were then washed up onshore. 




Eye,, , hough ,hc algae pr„d,iccd oxvgcn .hroufh ihe pr.K- 

could Lupplj """•= "'^ye-' algae 

ablt rr"^ '-''•^'""'•^'t-asles ,n surface wa.er. ,s 

al« an „„p„r,a„, „„e. ,So,„e c„n,po„nds arc no( dec„,n,x e 

cheS. M ■ n^l^'odegradnblc 

r^dus ""»":"""°*«""i»hie che„„ci c„,„ 

eradaWe c T "S'""'"""''" Because „«nb,ode- 

gradable che„„cal.s are n.„ rcad,ly decomposed ihese cx™ 

r:d"rt"r"""""^ -'^-'--"^ .-ho .;,tn:'e; 



Figure 4-^3 




'VONBIODEGRAnABlun ^ 
^ COMPOUIMPS ' 



I, — 

Growing plants antf^iall animal, mav absorb these com- 
pounds along w,th the nutrients they need. These chem.cds 
may then be passed on to large ammals that feed o ht 
plants and ^smaller animals. \ 

□4-9 Use the organisms shown in Figure 4-4 in a sketch 
that , Uustrates how nonbiodegradable chemical wastes mat 
be passed from one living thmg to another. ^ 
Make your sketch in the space provided in vour Record 
Book. Have your teacher check your sketch " 




«. 



No|^ that you are called upon to check the 
students- sketches in question 4 9 The 
artwork may be crude, but the idea of a -food 
Cham should show. 

Figure 4-4 





39 




i 




Figure 4-5 



□ 4-10. What harm might result from the accumuhilion of 
nonbiodegradable chemical wastes in water supplies? 

In llje late fall of 1960, large ntimbers of fish began dying 
along the southern portion of the Mississippi River. Since 
that time, tnillions of fish have died in similar situations. In 
j\ddition, birds of prey such as the osprey and certain olhcr 
fish-eating birds have decreased in number. The brown peli- 
can, the state bird of Louisiana, has disappeared from that 
statue's ^^ho^s. I he eggs of fish-eaimg birds often have thin, 
soft shells. As a result, the young birds don't hatch. 




Careful chemical analysis of the bodies of the dead fish 
and birds has shown thai quantities of chemical insecticides, 
such as DDT. are present in them. It is now kn^)wn that these 
pest poisons (pesticides) have killed or weakened many mil- 
lions of nsh and birds. How does this happen? 

Many pesticides are nonbiodegradable. They are carried 
by water runofl into streams, lakes, rivers, and oceans, where 
they may accumulate. These poisons may then be passed 
along as one organism feeds on another. Figure 4-5 illustrates 
what is commonly referred to as tufood neb. It shows which 
organisms serve as food input for other organisms. 

□4^11. The osprey and other preying animals sutler more 
lU cflTects from nonbiodegradable chemicals than do the 
plants and animals that they feed upon. How do you account 
for this? (Figure 4-6 may help you answer this question.) 

The amount of nonbiodegr.^dable chemical stored m a 
small plant or plant part is relatively small. But small animals 
may eat many plants. Thus, more nonbiodegradable chemical 
gets stored in the small animal than in the plant. Larger 
animals eat many smaller ones. Because of their larger diet 
larger quantities of nonbiodegradable chemicals are taken 
in and concentrated in their bodies. Figure 4-7 shows the 
relative buildup of the concentration of one' nonbiode- 
gradable chemicftl- by the organisms of the food web shown 
i(i Figure 4-5. This particular chemical is DDT. 



♦.I 



4-11. The larger the animal, the more It eats 
and the more chemicals concentrate in its 
body 



Figure 4-6 
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Figure 4-7 



Problem Break 4-4 on the next page calls tor 
student discussion on pesticides. You may 
have to sug^st some ideas 1o get the 
discussion started. 
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□4-12. The federal Food and Drug Administration has 
banned fish taken from certain rivers and lakes in the United 
States as unsafe for human consumption (not safe to eat). 
Explain why this action is necessary. " _^ 

□4-13. What animals, other than fish, are likely to transfer 
pesticides to jhe human body? 

D4-14. Do you and your family contribute to p^ticidT^x)!- 
lution? If so, what can* you do to reduce, or eliminate, this 
contribution? 



GET IT READY NOW TOR CHAPK R 5 



PROBLEM BREAK 4-4 f 

You've just seen ,some tiaia that show that nonbiode- 
gradable cheniicats can be very harmful to organisms that 
arc not pests. Because of this, some people think all pesticides 
should be totally banned. Others believe this would be dis- 
astrc^us. They point out that without pesticides the production 
of needed crops to feed an already hungry world would be 
greatly reduced. Discuss both sides of this argument with 
your classmates. Then write a summary of the arguments for 
and against banning pesticides. 

PROBLEM BREAK 4-5 

Plant fertilizers are not considered as poisons, yet they may 
contribute to the death of a lake or stream. Should fertilizers 
be banned in areas where they contribute to water pollution? 
List the^rguments for and against the use of plant fertilizers 
such as phosphates and nitrates. 

In this chapter you've seen how introducing nonbiode- 
gradable" chemicals into surface waters can aflect living 
things. Thesj; effects are the result of two basic characteristics 
of chemicals (see points 1 and 2 on' page 37). The effects 
do not end with just (hose organisms living in the water. 
You've also been reminded of the eflect some substances 
have on the biological oxygen demand of plants and animals. 
In both cases, man has produced environmental changes that 
affect other living things, as well as himself 

' In the next chapter, a different kind of man-made change 
will be discussed. This environmental change is due to heat. 

B«ft>r« going on, do Self-Evaluation 4 In your Record Book. 




Si 



Extensive preparations need tg be made for 
handltnp the goldfish You will nood at (oast 
two tanks to keep thorn m—an active tank and 
a rest tank If you have three or more sections 
of students, it would be wise to use 3 tanks 
instead of 2 Of course, if a regular aquarium 
is available, it will do fine as one of the tanks 
. The use of rest tanks ensures that the same 
fish will not be used over and over. Students 
procure their fish from the active tank and 
return them to the rest tank. Fesh should 
remain in the rest tank at (oast an hour before 
reuse. Capacity of a tank is about 10 fish per 
gallon of water. If you need to construct tanks, 
use the bottom halves of gallon-sized plastic 
lugs. Keep no more than 5 fish in each jug. 
•nd use as many jugs as necessary for your 
jish population. Keep stortiige tanks out of 
direct sunlight and be sure that all containers 
Ougs, baby-food jars, beakers) are clean. 
Handle fish with the dip net. 
When the fish arrive, they will probably bo in 
plastic bags in a special solution They need 
to be put Into fresh water, but before this is 
done,, the temperatures must be equalized. 
Simply put the plastic bag, still sealed, into the 
water In your tank and let it stay for at least 
one-half hour. Then, using the ^ip net, 
transfer the fish from the bag to the tank. Do 
not add the solution from the bag to the tank. 
You may use tap water for the tanks, but be 
sure to let it stand overnight before using. If 
your tap water is heavily chlorinated, 'obtain 
Antl-chlor from a pet shop. 
If your tanks do not have aerators, the water 
should be changed daily, but guard against 
large temperature changes. Feeding time is 
once a day. so feeding and water-changing 
can be done together. Move the fish to a 
freshwater container at the same tempera- 
ture. Add plenty of food and let them feed for 
one-half hour. While they are feeding, empty, 
clean, and rinse their permanent hombs. 
Replenish the tanks with fresh water (remem- 
ber earlier instructions) and return the fish to 
them. Efodea can be procured from a pet 
store to be placed in the tanks. It will help 
supply oxygen. Other fish can be used If they 
are readily available in streams In your area. 

Figure 4-8 

They must be large enough so that respiration 
can be observed. 

Student assistants can take over the task of, 
fish care. However, you should provide initial 
instruction. 

Each student-team will need 2 containers 
(coffee cans or* large beakers), 3 baby-food 
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jars, a test-tube rack and a watch, that must 
be supplied locally. Be sure to make provi- 
sions for the safe filling and handling of the 
alcohol j^urners. 



^ EOUtPMENT LIST 
Per sludenl-leam 

2 coffee cuna or large beakors 
1 alcohol burner 

1 burner aland 

1 Mmer with second hand 

3 baby-food jars 

1 goldfish or minnow 



1 thormomoter 
)Jenspoon of dry yeas! 

} teaspoon of powdered rnilk 

2 S-ml air pistons 

3 teat tubes 

1 test-tube rack 
1 stirring rod 
I plastic spoon 
1 250-ml beaker 



Per class 

Wax marking pencils 
Methylene blue solution 
Goldfish food 
Dip net 
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In addition to the equipment list ab^e. be 
sure to provide adequate facilities for me fish 
See the teacher notes at the end of Chapter 
4 for details. 



Ther^' are 

chapter. 



no excursions keyed! to this 



CHAPTER EMPHASIS 

Increasing the tertiperature of the environ- 
ment affects both the activity of living orga- 
nisms and ibQ amount of available, oxygen. 



Increasing the concentration oOeactants increases the. speed 
of a chemical change. In Chapter 3 you saw how thialtfippens 
within the earth's surfate waters. You found that annncrease 
in the amount of sewage in the water increased" the rate of 
reproduction of microorganisms. As a result, the rate at which 
oxygen is removed from the water increases. You saw some 
of the results that this could have on life in the water. 

Perhaps you remember another factor that influences the 
rate at which chemical reactions occur. If you've studied 
Vofume 2 of ISCS, you may recall that temperature also 
influences reaction rates. 

□5-1. In what way does temperature aff'ect the rate of a 
chemical change? 

^ As you know, man adds heat to his surroundings from his 
^ body and from his Rres. Though this added heat may at first 
not seem important, it really is. For example, huge quantities 
of water must be heated to steam each day to produce elec- 
tricity. This water is taken from* great rivers and lakes. After 
the water has been heated to steam and then used to drive 
turbine generators, it cools a bit and changes back to liquid 
water. This hot liquid is then pumped through an outlet pipe 
l|[>ack into the river or lake from which it came. 

This large quantity of heated water dumped into lake, 
river, or ocean may be free of chemical pollutants, Hwever, 
because it is still hot, the temperature of the water near the 
power plant outlet can be raised several degrees Celsius 
above the normal temperature. What eff'ect would this, heat- 
ing of the surface water have on animals and plants? 



MAJOR POINTS 

1. Temperature influences the rate of a 
chemical reaction. 

2. Living organisms use oxygen faster at 
higher temperatures. 

3. Breathing movements of a fish can be used 
as an indicator of oxygen consumption. 

4. A fish Is classified as cold-blooded, m 
comparison with a mammal, which Is warm- 

\ blooded, 

5. There are temperatures abpve which fish 
and other living things will die. 

6. This critical temperature varies for different 
living things. 

7. Less oxygen will dissolve In water at higher 
temperatures, 

8. Heat buildup In water is called thermal 
pollution. 
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^ome teachers Tiave found that Gambusia 
(mosquito fish) can be substituted for (he 
goldfish with marked success These seem to 
survive much better under almost any condl- 
Jlons.^nd require very little care. 



In ihe following aciiviiy you wiN. be given a chance to 
collect Ihc data necessary to answer thai question. Goldfish, 
or minnows, will he the experimental anin\aKs you will vjse. 
You will test the elTect that mild heat has on them. 

Working with a partner, you will need about 30 minutes 
and the following- materials: 

2 containers (eoflee cans or laijge beakers) 
1 alcohol burner 

1 burner staind - 

1 timer, or watch with second hand 

I baby-food jar and lid . . 

I goldfish or minnow ^ ^ ^ 

1 dip net 

I thermometer . • , 



300 ml tkp water 




You may have to monitor th^ water level in 
your ''ready ' tank (f a number of students 
remove water In the baby-food jars. Be sure 
to replace it with water that h&s been properly 
prepared. 
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Baby-food jar 
CHAPTER 5 



Caution Jt is eXfremely imporfani thai you use only clean 
glassware when working with living things. Contaminated 
equipment can mean "certain diiat.h for your fish. To be sure 
your glassware is clean, wash if thoroughly with water before 
you begin the activities Do not use soap or detergents Also, 
pay very close atJention to' the instructions in each activity. 
This will j{y a matter of Life and Death—for the fish. ' 

ACTIVITY 5-1. Place about 300 ml pf tap water in each of two 
containers. Lattel the containers "A" aniJ "B^" 



ACTIVITY 5-2. Fill a baby-fo^d jar ^irtost to the very top witti 
water from ihe fish tanit. Using a ^ip net, a<Jd' one fish from 
the "ready " tanit to the jai-. Cap the |ar and place It In con- 
tainer A. 




Water from fish tank 




ACTIVITY 5-3, Aft^r n few minutes, record In Table 5-1 the 
tMfip^ratur^ of the water In container A. Then determine the 
ralatlve activity of the fUh by counting the number of breathing 
mov«manta (opening and closifig of the mouth or gifis) that 
^ occur In 20 taconds. Have your partner time you as you count. 
Take at leaat three complete 20>^8econd counts and find the 
mmmgm. Record all measurements In Table. 5-1. Be patient— 
your fisfvlviay. move about and interrupt your couqiing. If so, 
atari your count over again. 

Th^rs CQ<)W a danger of heating Ihei walor 
too much In Aptivity 5-4 You might want to * 
iuggest that, as an flilternatlve method, the 
wster in container 8 first be healed to 35^C 
without tnft tlsTi j^r lh*il Then the baby-food 
Jar with the Ush In it can be placed In (he 
wgrm water after its removal from the stand. 
This could saye some fish. 

Table 5-1 ^ 





Count X 
Count Y 
Count Z 



' Average r= 3 | X Y H 2 



tainbr 


Temper- 
ature 


, _ 

Activity 
(respiration for 20 sec.) 


— 

' Average 
Count 


Other ■ 
, Obscrvalions 


A 




L 








f — — — 


< 










B 

• 




3. 
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ACTIVITY 5-4. Place the jar with the fish into container B. Heat 
lh« Qoritain«f~a^d Its contents. When the water Is 35 »C (no 

hotter), rwnqye the burper. p.% , 

/ r J » |- Thermometer Y 






Stop heating 
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Be careful of the sudden chang^^n tempera 
ture in returning fisn lo»^the res^fank. A gocfd 
procedure would be to remov/ the cap from 
the jar then place the jar into th©' rest 
tank, where the temperatures could equalize. 



V 




ACTIVITY 5 5. Now, determine the activity of the fith at you 
did li^ Activity 5-3. Record In Table 5-1 these data and t^y 
other observations you make of the behavior of the fish. Again, 
be patient in observing your fish. It may take a while to get 
three 20-second counts. ^ 




Being cold-blooded animals, fish are vyell- 
suited to an aquatic environment Water 
temperatures generally change very gradually 
and the fish are not required to make sudden 
adaptations If -rapid changes do occur, 
however, the fish must moVe or die. This Is 
a good reason for avoiding sharp changes In 
temperature with your goldfish. Th^y Cannot 
move to another location. 



When you have compleled the activity, put the fish into 
th^ "rest" tatik so that anotherstudent won't use it right away v*** 

How did the breathing rate of the f\sh in warm water 
compare to that of the fish in the cooler water? 

□ 5-3. Did the fis]ji seem more active in the warmer, or in 
the cooler, watet 

A fish is cold-blooded, which means that its body tempera- 
ture adjusts to the same temperature as that of the sur- 
roundings. A warm-blooded anima) is one whose body tem- 
perature stays about the same even when the temperature 
of the surroundings changes. 

□ 5-4. Would you be classifie!d as^ warm-blooded, or cold- 
blooded? . . ' , 



J 
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D5-5. Suppose an ocean sunfish had been swimming north r 
from Florida, staying in the warm Gulf Stream. And suppose 
it entered the much colder water near the Maine coast. What 
do you predict would be the efl'ec^ of the tolder Water oi^^ 
the fish's temperature? How would^the fish's activity probably 
change? 



V 



5 

5-5. Student should predjct that the fish s 
temperature would decrease. Ol coiirse. its 
activity should decrease also. Surprisingly^ 

■ S ■ • ''>''9 



sortie stu^GQts will say thaf the activity wiH 
increas^e. They have a feeling that cooler 
teof^ralures make all living organisms more 
enenPitic- 
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Your observations probably showed that a lish is affected 
by changes in temperalure. Increased breathing rate and 
greater activity resuh from increased temperature: 

□S-ll. What do you predict would happen to the breathing 
rale if your fish were gradually cooled to a low temperature? 

OPTIONAL ACTIVITY. You may want to find out whether your 
answer to c^ueetion 5-6 is correct. If so. you should get your 
teacher's approval of your plan. 

What do you predict would be the effect on fish other than 
goldfish or minftows of being placed in warm water? Would 
they react as your fish did? The answer is generally Yes. 
However, some fxsb are much more sensitive than others to 
increases in tempei^ture. Examine Figure 5-1. 

Figure 5-1 shows the r?jnge of temperatures preferred by 
various fish. It nlso sho\vs the thermal death poijii (tempera- 
ture at which they will die) for these fish. You examined the 
brealhing rate of goldfish at 35X. Eight degrees warmer, 
and your fish could have died. 



/ 



If the student elects to do the o9||^nal activity, 
be sure that the plan you approve includes 
clean glassware and a gradual temperature 
decrease. ^ 



and . 



Figure 5-1 
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LAKE TROUT 
PACIFIC SALMON * 
STRIPED BASS 
TAUTOO 

NTIC SALMON 
BROWN TROUT 
BROOK TflOUT 
YELLOW PERCH 

^SILVERSIDES 

( ^ 

GIZZARD SHAD 
QREE^iFISH 

goldfish: 
larqemouth bass 
bluegill 
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5-8 Goldfish c/in live In wator nt room torn.- 
perature. brook trout would have to be kopt 
In colder wiitijr. 

AH the animals In Tablo 5-2 are cold-bloodod. 
In order to survive, they would have lo move 
The fish might have utile difficulty doing so. 
with ihe hermit crat)3. it miyht be harder The 
anemone population could be wiped out In 
any case the local balance of nature would 
be affected All the varieties of life in water 
serve as supporl In pno way or another tor 
6ther living things 



i j5-7. JudtMDg lioin l^^igurc 5- L what do you predict would 
have liappencd lo a greenfish if you had healed ils sur- 
roundings lo 35"C? 

nS-B. In terms of temperature eflects, why do you think 
goldhsh make hetter pels than do brook trout? 

You should be gelling an idea of why adding heal energy 
to rivers, lakes, bays, and streams can present real problems 
for fish. But what about other aquatic (water) animals? The 
next'problem break will give- you a clue. 

PROBLEM BREAK 5-1 

A junior high student in California studied the effect of 
increased temperature on saltwatc^ animals. The survival 
time of the animals was determined for diflTerent water tem- 
peratures. Table 5-2 contains the data. 

Coastal waters near power plants may -be up to ll^'C 
warmer than the normal 9''-12''C range given in Table 5-2, 
Under such conditions, some of the animals would surely 
die. What would these animals have to do lo survive? How 
would this upset the l9cal balance of nature? Discuss your 
ideas with your classmate^j; then » enter your conclusions in 
your Record Book. 
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. Watcx 










Group 


Temperature 
(^C) 






Hernnil 
p Crabs 


Anemones 


1 

(control) 


9-12 


All lived throughout the experiment. 


II 

■J 


15 




All lived two 


or three days. 


111 


18 


3«hr. 


3+ hr. 


5 hr. 


5+ hr. 


IV 


21 


1-2 hr. 


1-2 hr. 


1 hr. 


5+ hr. 


V ' 


24 


0.5 hr. 


0.5 hr. 


0:^ hr. 


5 f hr. 


VI 


27 


0.25 hr. 


0.5 hr. 


0.5 hr. 


3 hr. 
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,XoM have seen data showing that fish cannot survive in 
water above a certain temperature. The data in Table 5-2 
ftlsa showed that other aquatic animals are sensitive to tcni- 
pcrAturc changes. Actually, all animals are ''temperature 
scnsilivc/' Man is certainly no exception. He preTers a con- 
stant temperature of about 20-25''C. This is why he uses 
heaters in the winter ancj air conditioners in the summer. 

You probably recall that increased temperature increases 
the rate of chemical reactions. If you studied Volume 2 of 
JSCS, you also know that chemical reactions occur wjthin 
living organisms. 

□5-9. How would the chemical reactions inside the fish bit 
affected by increased water temperature? 

To check your answer to question 5-9, you will need to 
do another investigation. You should try to find Out if in- 
crcascd^mperature aftects the rate at which a living orga- 
nism uses oxygen. Instead of using a fish, you will again use 
the microorganism yeast. You can follow a procedure similar 
to one you used in Chapter 3. 

You and a partner will need about 20 minutes and* the 
following materials: 

Dry yeast 
Powdered milk> 

1 dropper bottle of meth^ene blue solution 

2 5-ml air pistons 

3 test tubes (all the same size with capacity of at least 10 
ml) 

1 test-tube rack ^ 
Ustirrirfg rod , 
I plastic spoon 
1 250-ml beaker 
I burner stand 

1 alcohol burner 

2 baby- food jars 
1 timer or watch 
I thermometer 
I wax marking pencil 





ACTIVITY 5-6. Begin heaUng a 250-ml beaker hal( filled with 
water. You may Ihen go on to the next activity, but keep an 
eye on the beaker. When the water temperature ta at 40*C, 
remove the burner. 



level 



ACTIVITY 5-7. Prepare a sample of milk by adding 
teaspoon of powdered milk to 20 ml of water In a baby-food 
jar Mix thoroughly. 




iX! 




ACTIVITY 5-8. Prepare a sample of yeast solution by adding 
- level teaspoort of yeast to 10 ml of water In ttie other baby- 
food jar. Mix thoroughly. 



fS) 




ACTIVITY 5-9. Place three labeled test tubes In your test-tube 
rack. 
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ACTIVITY 5-10. Using the 5-ml air piston, add 3 mi o( miiit 
•olutlon to test tubes 1 and 2. Rinse the air piston and add 
5 ml of water to test tube 3. Then add 20 drops of melhylene 
blu« Indicator to each test tube. Sllr each mixture. 



3 ml milk and 
20 drops of 
mothylone blue 
solution 






ACTIVITY 5-11. If the water in your beaker is at about 40°C. 
you are ready to proceed. Using a rinsed air piston, transfer 
2 ml of y^ast solution to test tubes 1 and 2. Stir each. Go 
quickly to the next activity. 




Add 2 ml of 
yeast solution^ 



(5^5) (£5) 



".or 




ACTIVITY 5-12. Quickly put test tubes 2 and 3 into the beaker 
of warm water. Record the time in both rows of Table 5-3. 




As in Clioptor 3. you con oxpect a blue ring 
to fomain at the top of tubes l xind 2 becauSe 
o< contact with the air And, of course th«ro 
will tefp no loas ot coloi in control tubo 3 so 
students may have to bo warned not to 
conlinuo watching It 

Table 5-3 



Observe each (ubc carefully. Watch for a complete color 
c^iangc (dccolonzai.c.n) ,n all three tubes. Jf .t occurs, record 



the lime in Table 5-3 







Test 
Tube 

No. 


Temperature 


Sin nine 
1 1 me from 
Aciiviiy 5-12 


-Time VVIicn 
Color 
Disappears 


To la J 
Time for 
Decolorizalion 
(minutes) 


1 


Room temper- 
aiurc (24 26") 








2 


Warm (35-40") 








»3 


Warm (35-40^1 









Table 5-3. To$t tube # i should change to 
colorless in 12-15 minutes Test tube v:2 
should require about half long (6-8 min- 
utes) Test tube # 3 does not change. 

5-10 An Increase In temperature Increases 
the rate of reaction-that is, the yeast use up 
the oxygen faster ^t a higher temperature In 
addition, the factor discussed on the next 
page enters Into the situation. 



54 CHAPTER 5 



rj5-10. Did the time Tor decolorization in test tubes 1 and 
2. vary with the .temperature? Why? 

□5-11. Did increasing the temperature increase the rate at 
which cxygen was used up by the yeast? 

□ 5-12. Test tube 3 was used for whal purpose? 

b?ueT' ^''^ ^^""^'"^ alone, change the color of methylene 

□ 5-14. Were the rates of the chemical changes in the yeast 
bodies aflected by an increase in the temperature of the 



□ 5-15. Is it reasonable to assume that the rates of chemi- 
cal changes in a fish's body would increase with increased 
temperature? 

* » 

Living organisms use more dissolved oxygen when the 
temperature increases. This coulcf account for the more rapid 
decolonzation that occurred with the yeast in warmer wafer 
However, there is another reason that decolorization occurred 
more rapidly in the heated water: Tabk 5-4 should give you 
a clue. ° 
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Temperature 

'C 


Amount of Oxygen Gas 1 hat 
Will Dissolve in Water 
(Km/ 100 mh 

1 ■ • • / * V V till/ 


0 


0.0069 


10 


0.0054 


20 


0.0043 


30 


0.0036 


40 


0.0031 


50 ^ 


0.0027 


60 


0.0023 


70 


0.00J9 ^ 


80 


0.0014 


90 , 


0.0008 


100 


- o.oooo^" 



□5-16. Living organisms use moro oxygen in warm water 
than in cold. According to the dat;^ in Table 5-4, what other 
Factor causes the oxygen supply lo be used up more rapidly 
in warm water than in cold? 

Increasing the temper^rture of surface water increases the 
biochemical oxygen demand of living things. It also decreases 
the amount of dissolved oxygen. 

□5-17.^ If art aquatic animal required a lot of oxygen, would 
you expect to find hfm living in cold, qr warm, water? Why? 

□5-1$. Where would you expect to find more life, in warm 
or in cold watp/? Explain your answer. 

□5-19. Whal effects do you predict heat pollution would 
have on living organisms in surface waters?' 



Table 5^ 



The decrease In dissolved carbon dioxide in 
water as the temperature Increases is oven 
more dramatic than that for oxygen. Conse- 
quently, aquatic plants are greatly affedted by 
thermal pollution. You probably have^pticed 
this effect as a carbonated soft drink sifs on 
the table and gradually warms up. Bubbles of 
carbon dioxide are released In Increasing 
numbers. 

5-17. In cold water, because more oxygen 
can dissolve In cold water than In warm water 

5-18. In cold water, for the same reason. In 
all fairness, it probably should be pointed out 
that, although this chapter is focusing on heat 
pollution, "many fish have b^en killed by de- 
creases \n temperature as well. Strong winter 
gales may flood the bottom of a bay with 
abnormally cold water, resulting ih huge fish 
kills. Similarly, shallow lagoons may be chilled 
by low surface temperatures, which kill many 
Hying things. 
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Figuro 5-2 may confuse students t>ocaijso 
they ore probably not familiar with throo 
graphs on a single figure You might want to 
suggest that Ihey sketch each graph lino 
separately on scrap paper 



PROBLEM BREAK 6-2 

Fxaminc Figure 5-2 below, 1i summarizes daifi obtained 
from studyinj^ a polluted river. The vertical scale carries the 
single label "increase" and no units because the three graph 
lines are for diiTerent things. A line sloping upward means 
an increase in whatever (he line represents, A down-sloping 
line shows a decrease in whatever it represents. (The key in 
(he margin identifies each graph line,) 



Figure 5'-2 



SEWAGE 
INPUT 



hot water 
Input 



Oxygen 

Temperature 

B.O.D. 

(Biochemical 
oxygen demand) 




A B C 

INCREASING DISTANCE DOWNSTREAM 



1 When sewage was dumped Into the river, 
the oxygen content dropped sharply. This was 
because of an increase in the B.O,D. by the 
decay microorganisms. 

2 When heated water entered, the oxygon 
content dropped still further An increase in 
temperature had two effects It Increased the 
activity of the decay organisms, using more 
oxygen, and it allowed less oxygen to be dis- 
solved in the water. 

3 The river water temperqiture Increased 
slightly at point B because of the Increased 
reagtlon between sewage and decay orga- 
nisms It increased more at point 0 because 
of the hot water Input. 

4. The B O D Increased because the decay 
organisms needed more oxygen to degrc^de 
the sewage (se<p 1 above). 

5. The B.O.D- incre^ised again See 2 above. 

6. By the lime the water had reached point 
D. heat had been lost to the surroundings, the 
water had absorbed additional oxygen, and a 
large amount of the sewage had been 
degraded by the decay microorganisms. This 
resulted m lgcrea?ed oxygen content, de- 
creased B O.D., and decreased temperature 
of the water. 
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Between points A and B, you see the natural oxygen level, 
temperature, and biochemical oxygen demand (B.O.D.) in 
the river before it is polluted w^ith sewage. At point B, sewage 
is dumped into the river; and at C, hot water is added. 

Using the graph, answer the next six questions, recording 
your complete answers in your Record Book, 

L What happened to ll?e oxygen content when the sewage 
was dumped into the river? Explain why this happened, 

2. What happened to the oxygen content of the water when 
heated water entered the river? Explain your answer. 

3, At what tw^o points was there an increase in the rivqr 
water temperature? 

. What happened to the B.O.D. when the sewage was 
added to the river? Explain' why this happened, 

5, What happened to the B,O.D, in the warmer water? 
Explain why this happened, 

6. Explain the Change in the oxygen content, the B.O.D., 
and the teriiperature by the time water has moved,, 
downstream to point D. 
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As you've seen m .his chapter, accumulation of heat in 
surface waters can produce important changes in the aau u,c 
envronment. Th.s heat bu.ldup ..s called r/..,, j ^Z, 

poTutr ^' V^-P^'' -age and other l-hem:;: 

po lutanLs, man s thermal pollution ,s ser.ously upsettmg 
ba anced systems of plants and animals. Because ma^.s part 
of the .sysierj. he too .s artected by the environmental changes 

the results of his own pollution back to him. 

B^for* going on. do Seir-Eva!ya(Lon 5 In your Record Boo»r. GET ,T ReADY now t^OR CHAPTgR 6 

Several Items needed In the chapter must 
su(>plled locally. They ar^ as follows: 
Books of safety matches 
Lids from baby-food jars 
Small wads of cotton 
Small pieces of wool cloth 
Small pieces of Styrofoam 
Notebook paper 

Small pieces of cellophane tape 
You will need dropper bottles (or containers 
and medicine droppers) for the turpentine 



Are rivers, lakes and streams being thermally 
polluted jn your locality? What evidence 
would you look for as an indication of this 
pollution? You might want to direct some 
students toward indopendont investigation at 
this point. 
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Sick Air? 



Excurafon 6-1 Is keyed to the chapter 



EQUIPMENT LfST 
Per 5tudent-t«am 

1 600-ml beakor 

1 b«by-food jar Hd 

2 amall wads of coilon 

1 small pl^ce oi wool cloth 
. 1 small piece oi Styrofoam 

2 sheets of notebook paper 

3 small pieces of tape 
1 hand lens (or microscope) 
Safety matches 

Per class 

Oropper bottles of turpentine 

Air pollution, along with water pollution, is a major problem 
for our nation, factories steadily belching smoke, trash 
dumps endlessly smoldering, and backyard incinerators 
bumiog inlQrmittently^l^ added millions of ions of waste 
materials to the atmosphere. What are these wastes like? And 
what effects do they have on the environment? To start 
finding out, you and a partner will need about 30 minutes 
and the following materials; 

I book of safety matches 
I 600-ml beaker or lart^c jar 

1 small lid (from a baby-food jar) 

2 small wads of cotton ' 

I small piece of wool cloth 

1 small piece of Styi:ofoam 

2 sheets of notebook paper, each cut in half 
1 dropper bottle of turpentine (as needed) 



CHAPTER EMPHASIS 

The products of combustion are the mafor 
cause of atr poMulion 
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MAJOR POINTS 

1 Air pollution is a major problem for our 
nation. 

2, The burning of flammable material can 
result in solid, liquid, or gaseous products in 
the air. 

3. Some products of combustion are poison- 
ous, even deadly 

4 Internal-combustion engines are a primary 
source of air pollution. 

5- The steadily Increasing number of family 
cars Is causing a corresponding increase in 
air pollution. 

6 AJ'^Ollutlon is a factor in certain diseases. 
In <;Jamage, In damage to liveistoTik. anb 
in general deterioration of many materials. 

7. Valuable resources are wasted by air pol- 
lution. 

8. Each person makes his own contribution 
to air pollution, ' - - , 





Half sheet of pdp^t 



ACTIVITY 6-1. Place a small wad of cotton in the center of 
th# lid. Place the lid on a clean haff sheet of notebook paper. 
Label the paper ^Cotton/' Light the cotton and Invert the 
600-ml beaker or Jar oyer the lid. 



1 
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Arrange for ventilation during the burning 
activities Op^n windows, provide a fan to 
blow the smoke 't>ut. or use a fume hood If 
available. You may want to have the a'ctlvity 
done oi^tside. 



2 drops 

of turpentine 



Table 6-1 



students may expedience some difficulties' In 
gettmg tho plain cotton and the Wool to bi4jrr\, 
completely In any case, there will t)e rela- 
tively httlo visjOle sign of the combustion 

* except for the' wator on the beaker. 

1 ^ 

ACTIVITY 6-2. If the flame begins to die before the cotton 
is burned, lift the beaker slightly to let more air Intp the beaKlir. 
Then replace the beaker on the paper. Observe the beaker 
and Its contents lor two minutes after the flame goes out. 
Record all your observations In Table 6-1 In your Record Book. 

When describing the products of burning, include the 
following: kinds of products; color; odor; whether it is a solid, 
liquid, or gas; and the appearance of whatever remains on 
the pa\>er and lid after each burning. Be sure each piece of 
^^aper is labeled. Clean the lid and beaker after each burning 
and before doing the next part of the activity, 

ACTIVITY 6-3, Put two drops of turpentine on a fresh wad 
of cotton. Label a clean half sheet of paper 'Turpentine." 
Then repeat the procedure In Activities 6-1 and 6-2. 



You may have to motiltor the use of turpen- 
tine and Styrofoam, Some students en|oy 
watching the black soot form, and will want 
to use more than two drops of turpentine or 
a'small piece (1 cm square) of Styrofoam, 



Use the same general procedure for the wool cloth and the 
Styrofoam. Be sure to label and save each paper for com- 
parison. 



Material 
Burned 


Color and Odor of 
Smoke Produced 


Description of 
Other Products 
of Burning 


Other 
Observations 


Cotton 








Turpentine 
and cotton 


0 






Wool cloth 








StyrofQain 









60 
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It you want to determine the ellccts of burning sitmples 
Of some other substances, be sure (o get your teacher's per- 
nmsion first. Vou may then enlarge Tabic 61 and add ycur 
nndmgij. ^ 

□•-1. On the basis of your observations, which materials 
burned^ ^"'''"'^ ^^''^^'^ 

Question 6-1 may seem easy at lirst. Decid.'ng which sub- 
stance produced the most smoke and the^ most unpleasant 
odof iS not difficult. However, you may not be able to tell 
by fookmg and smelling whether or not harmful gases are 
being produced by sonre of" the substances.' 

□6-2. Which of the materials when burned produced the 
poisonous gas carbon monoxide? 

You cannot, just by looking,, tell what ga.scs are produced 
from burning, except possibly for one. Yet even when some- ' 
^thing bums without producmg black smoke, or any smoke 
at all, products arc released. Of course, not all products are 
harmful. 

You probably noticed that a liquid formed on the inside 
of the beaker when one or more of the substances were- - 
burned. 

□6,3 What gas, produced during "the burning, probably 
formed the liquid in the beaker'.' 

» 

You may be able to guess that,'in addition to water vapor 
another ^as was produced as each substance burned. 

□»-4. What gas product of ^iiost fires is used by plants in 
photosynthesis? ^ ^ . 

In doing this Inst activity, did you add to the pollution 
of the air? . 



Nolo iUo con3tfa.ni fuf Iho sludorlt on oDtam- 
ing your permission for iurXhar unxls You 
must oxerciso your judgrnonl on tho IMmgs 
that aro fried 

6-1. On ihQ basis of visiuil observations 
Ofthor tho (urpeniino or (he Styrofonm would 
give (he mos( air palludon. depending on (he 
amoun( burned 



/ 



6-2. This is a good ques(ion (o pom( up to (he 
student rha( (he colorless, odorless, and ex- 
trwnely dangerous carbon monoxide is very 
dIfflcuK to de(ec(. 



6-5 Yes. This quesdon should help show (hat ^ 
we all con(ribute (o air pollution. l( is no( 
some(hlng done by "bad guyij" only . 
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Americans place about 190 billion kilograms of waste ma- 
fcrials inlo ihc air each year. Five sources accounl for nio^tl 

' of the ^aationwide air pollution problem. Tabic 6-2 shows 
what these ^>urccs arc and identifies some of the chemical 

. wastes from each source. * 



POLL UTANTS (billions of kg) 



. 1 • 

1 


— . m ^ 

/■^Source ' ' . 
^, r— ^ — U t ^> 1 


— i ■ 

Carbon 
Monoxide 


otirf'Jons 


Nitrogen 
Oxides 


Sulfur 
Oxides 


.Solid Par- 
ticulalci 


Total by , 
Source 


.1 


; TranspoxtaiuHi -^ 
( ca>s^if ruc\(^5 Vu/9ttV 
clc.)- ' - -^'.^V 


; 58.1 


■^^^ 

/ 15.9 

/ 






1.1 


82.3 


i 


, KIcancal- t^oWduT/j' 
plants and hcatmCT^ 


.'■7 

^■■v ' — 


/ 0.6 

V 


— - 


20.6- 


8.3 


37.2 








■ ,3.2 ! 

I 


0.2 


6.5 


6.9 


* 26.4 


1 


-disposal 




) 






' 0.1 


0.9 

t 


9.8 


4 


Misc. (forest >. 
fires. ,ctg) , 


15.2 

, > 


■ 7.4 - i 
> .. 1 




1.6 


0:6 


8.7 


. 33.5 




Totals 


91.5 






. 15.2 


28.1 


■ 25.9 


189.2 




'□6-6. Wjiai source produces the greatest aniQunt by weight 
\ . ,or ay- pollution? . ^ 

06-7, Whlai lpu-^Q^ -produced the Tiiost carbon monoxide? 

□ 6^8. jf c^ne- to reduce the solid particulates in the 
air, vvhich^ources-.Woiild he have to confront? % 



.06-9. M a^ are ^J^wwo ix)ain ^oiircies c^f sulfur oxides? 

% iThe inforriation in Table 6^2 applies to the entire United 
States, Therei may be major difrercnces in the sources of 
pollution products ^in a particular region. Perhaps you are 
not farnilia*- Y?fthThe (ypes of pollutant products identified 

>jn Tablb 6-^2. If so, the information in Table 6 3 should be 
help/uL ^ 



6-10 -All the air pollutants listed In Table S-2 
diredtly affect -man's ht^alth^ 5 • 



□e-10. Which types of air pollutants Ii'st?8 in " Table 6-2 
directly affect 'man's health? , ^ 



POLLUTANT 



OESCniPTION 



CHrbon Mbnoxids 




Hyd^pcart>ons 




This coloilcss. ijdoilcss ^as. is oficn Imuul iii 
Ibnru'ls. ciuscJ ^ara^cs, anJ ncai licavv Uatlic. 
Il IS puxJuLcd when carhon-conlainmii Iiicls arc 
incoiupleicly huincd C arbon monoxulc rcJuccs 
the abiliiY ol Klood lo cart^ owgcn Laiec 
amonnis aic Caial, small amounts cause Jiziijness, 
hcaJaclics, laiiguc, and slowed icaoiioub. 

Tlicsc poisonous gases come niainlv Irom ilic 
burning of coal and o\\ containing the element 
s\4^ijr rhcy irrita.^e the eyes, nose, and throat: 
damage the lungs: kill plant,s: destroy metal: 
and reduce visibility. 



Burning fuels produce most of these gases. 
They produce a smelly, dark ha/c th^ft irritates 
the eves and nose. 



These result mainly from (inbunied fucK dur- 
ing combustion. However, lar^e anwunts alsb 
are produced as tires Wear. HydNjC;ji^^ons arc 
known to produce cancer. Hydrocarbons react 
with nitrogen oxides and sunlSghl lo pro<lucc 
smog. 

There are^.many forms of solid^ mailer in the 
air— dust, smoke, soot, ash, ea:. These particles 
may stay suspended or settle to the ground. T Key 
dirty many objects and darken the skv. Sohd 
parUclcs interfere with normal breathing. 



PROBLEM BREAk 6-1 

How much* air pol|uiion is occurring in yaur own nefjzh-^ 
bprhood or community.^ You can-gel a rouglf idea by simple 
^ observation. As yovi are on your way to and fvom scheoL 
observe any smoke you see. Try to locate its source. Find 



vTable 6-3 



CHAPTER 6 63 



The pieces of tape m Activities 6-4 and 6-5 will 
colioct particles at a rate that vanes with lo- 
cation If the building js air-conditioned. there 
will he less deposited It probably wi)! require 
at least two days m any case 

An alternative method (or collecting particu- 
late pollution consists of coating several 
plastic strips a^*. glass microscope slides with 
a Ihin layer o/ grease or petroleum jelly You 
might even want to try trapping particles bu\ 
doors 




out vvhiit. lind of material is being burned and the sort of 
snH>kc pfoduccd- Keep a recojd of your (Indings in your 
Record Book. 

After a period of lime, you rnay wish lo discus^ the results 
wuh some of your classmates. You may be surprised at how 
much smoke there is in your area when you start looking 
for it! But don't forget, not all air pollution is visible. 

As you've seen, gases are not the only product of burning; 
various particles also result. In addition, dust and pollen add 
to the particulate content of air. Use the meihod of studying 
particulate pollution shown in Activities 6-4 and 6-5, 

ACTIVITY 6-4. Plac^ small pieces o( tape (with ttie sticky •Ide 
up) In two or three places around the room. Put your Initials 
on the smooth side o( each piece. 




ACTIVITY 6-5. After a period ot time, examine the strips with 
^ a hand len^ or microscope to see what particles have col- 



lected. 
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Describe the results of your investigation, and yoyr con- 
clusions, in your Record Book.' You may w^ant to try to locate 
the sources for the ^particles you collect. 

From your activities so far irt this chapter, yclj have seen, 
that large amounts. or air polluti|on can result from the burn- 
ins of even small ariiouhts of materials. 




As you may know. cUttomobilcs and air pollution arc 
.closely related. Mo.si cars have iniernal-combuslion engines 
that operate somewhat hkc a small furnace. Chemical energy 
from burning fuel inside the engme provides (he mechanical 
energy that moves the car. See Figure 6-1. 






Figure 6-1 



1. Intake 



2- Compression 



3- Combustion 



4, Exhaust 



The internal-combustion engine is considered by some to 
be the single most important contributor to air pollution. 
Is such a statement justified? You c^an decide for yourself 
as you study the next two pages. 

About 80 percent of American families own cars. And 
about 30 pcrcent'^of families own two or more cars. There 
are also millions of trucks, buses, motorcycles, and taxis. 
Altogether, there are about 100 million motor vehicles in tjie 
United States today. See Tables 6-4 and 6-5. 



You might suggest graphing some or all of \M 
data In Tables 6-4 and 6-5 as an aid to 
answering questions 6-11 through 6-14 
Graphs can bo very helpful in showing trends. 



MOTOR VtHICLi; RF.G ISTRAFIONS (millioi^s) 



' Nuinhtr of vctiii le.i estimated 



Table 6-4 





> 










Type of Vehicle 


1950 


1955 


1960 


1965 


1970* 


Passenger cars, laxis 


40.3 


52.1 


61.7 


75.2 


84.4 


Trucks and buses 


8.8 


10.5 


12.7 


15.1 


18.1 


Motorcycles 


0.4 


0.4 


0.6- 


1.4 


2.5 


Total 

- ^ 


49.5 


63.0 


75.0 


91.7 


105.0 
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Al lOMpnil I OWN! RSIIir (Rv Ycar)'^ 





1 9.M) 


1955 


I9M) 


1965 


1970 


No, of liinulics (millions) 


^5 ? 


^9! 




58.5 


63,7 


1 aniihcs owning aino- 
mobiles (%) 




70 


77 


79 


80 


a. Families owning one 
automobile {7r) 




60 


62 


55 


50 


b. Families owning iwo 
oi more automobiles (%) 


7 


10 


15 


2A 


30 



* li.whidtn^ Alaska and Haw an; fif^nm for J9?0 csfnnafrd 

Table 6-5 



6-11 55^ million 
6-12 18 5 million 

6-13. Car8.4 92 mHlion; total motor vehicles. 

Iie'milllon 

6-li 35% 

Note that the number of cars and the number 
oi f^imilies owning caTs are increasing at a 
rapfd rate, but the percentage of families 
owning automobiles apparently is leveling off 
around 80%^ This is because of the rapid 
■Increase in the nijfT>ber of families in the 
United Slates. 

0] 




PETROLEUM FUEL, 

AIR (oxygen) 



t n - / V'. 




Use Ihe information in lablcs 6-4 and 6-5 to answer the 
following questions. 

□ 6-11. What was the ipcrease in the total number of motgr 
vehicle registrations between 1950 and 1970? . ^ 

□6-12. What was the irtcreasc in the total number of families 
owning cars between 1950 and 1970? 

□ 6-13. Based on the increase in the number of cars and ttje 
number of families owning cars, what do you predicf will be 
th^ total number of cars in 1975-? 

□ 6-14. What do you predict will be the |>ercentage of fami- 
lies in 1975 that own two or more motor vehicles? • 

Remember, automobiles are powered by combustion. In 
this way. a motor'vehiclc is like a match or like a human: 
each one contributes its own output to the air, and ea^h one 
requires inputs from the en^ronment. 



rnmsim PRODum, 

HEflf 
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Study the data tn Tabic 6-6 to see (he efTects a motor 
vehicle has on the surrounding attnosphcre. ' \^ 



? 



I- 
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AVERAGE OUTPUT Of^ AIR POl.lX'TANTS f ROM NfOlOR 
VEHICLE OPLRATiN(; Al ADOUI 40 km lir 



source 
— ) — — 


Polluiani 


Quaulily of Ouipui 
(g/lil#r of fuel) 


Gasoline engines 


Carbon monoxide 


284.9 


c 


Nlitro^en oxides 

s 


22.2 




Hydrocarbons 


15.8 


• 


Solid particulates 


1. 3 




Sulfur oxides * 


■ . 1.0 


Diesel engines 


Hydrocarbons 


71.6. 




Solid pariiculaies 


13.3 




Nitrogen oxides 


12.0 




Carbon monoxide 


• 7.1 




Sulfur oxides 


, 4:8 



□11-1$. According to Table 6-6, what are the three most 
abundant pollutants from gasoline-powered vehicles? 

What are the three most abundant pollutants from 
dicsel-powered VeTiicles? 

□«-17. Which type of epglrie produces more solid narti'cu- 
lates? * ' ^ 

, , . ^ 

□6-18. Estimates show that in a citv ol' about 50,000 people, 
at lea^t 76,000 liters of gasoline. are burned by automobiles 
each day. According^ to the data in Table 6-6, how many 
^.grams of Carbon monoxide would be added to this city's 
aftmosphere each day.? 

^ a has already been said' that carbon monoxide (CO) is 
a poisonous g^s. The fact is, it'can be a killer. Examine 
Figure'6-3/ ^ 



Advanced students might be interested in 
•personalizing" the problem, using iheso 
data. If they can delermlne the wee'kly^ 
mileage that the tamily car travels, or the 
amount of gasoline consumed, they can arrive 
at a figure for the pollutants (or which their 
car is responsible. For eicample. suppose the 
family car .travels 180 miles (300 km) per 
>veek. At an average, for city driving, of 15 
miles per gallon (6.4 km per liter) the amount 
of gasdiine used would be about 46 liters. 
Using Table 6-6. the grams of pollutants can 
be found. 

6-18. 21.662.400 g 
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Figure 6-3 



.04 .06 .08 .10 . .12 .14 

Concentration or CO in air (fraction of 1%) ^ 



6-19. Approximate times #om Figure 6 C^6-19- HoW lOng wpi>l^ a pcrSOn baVQ lO bcexpOSed tO CO, 

would be 2i hours; 1 iir 25 mm. just Aver an bcfoVc death occuji if the concentration o^ the gas in 'fhe 

air IS 0.06%? 0.i:^oT^A5%l IVfan, as an input-pntpui system; 
is seriously atrecied by auF-poHulajots. 



hour 



Figure 
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Anything (h;it injures lung tissue is a hazard to life Carbon 
monoxide and othci an pollutants have been found to chance 
somclung Ussue. These changes in t.s^^ues may produce lung 
a?scascs such as bronchitis and emphysema -diseases that 
v^vrc rare twenty-five years ago. MuchVecds to be learned 
about the causes of these diseases. However, evidence indi- 
thcm ^^^^ """^ i'^^'^^y 'esponsible for 

There are.other bad eMect.v that result froxn air pollution 
t/c a!!?!"'*' '"""^ ^^magc from air pollution i^^^^timated at over 
$6,000,000,000. 1 housands of domestic and wiM animals are 
weakened Or- killed Outright, txact data on human death and 
disease are lacking, but it is cle;tr that air pollt^ition is espe- 
cially dangerous for people witK heart disease, i^st^hma, em- 
physema, anemia, etc. Lung cancer is found twM as often 
in air-poUuted cities as in rural areas.* 





Polluted air discolors and damages clothing, automobiles 
and buildings. A major maintenance factor in polluted areas- 
is ,the replacement of di.scolored and peeling paint Stee( 
deteriorates^ two io four times faster in air-poUuted cities than 
^n rural areivs. Dirty air deteHorates rubber, glass, leather, 
nylon, paper, and even stone. 

Inconiplete\ combustion ofjuels not only pollutes the air 
but wastes v.^luable resources. For example, more than 
$300,000,00aworth of sulfur is wasted annually. 'industries 
arc wOrking«hard on ways reclaiming and using "waste'* 
products. Pollution causes higher lighting and heating bills. 
For e^iam^le, it is estimated that in Chicago on some days 
ajr pollution reduces sunlight by 40 percent. 





CHAPTER 6. 6d 




No area of the nation is free of air pollution. Therefore, 
liTrpoIlution is everyone's problem. And everyone contributes 
to it. It is estimated that air pollution costs the United States 
About $13,500,000,000 a year. 

□6-26. How much' is your ''share" of-lbis cost? (Hint: As- 
sume a U.S. population of approximately 210,000,000 ) 



Questions 6-21 and 6-22 are good bnes lor 
discussion. Students may have to be urged a 
httle to think of, all the ways that they pollute 
the air. ' ' . . 
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, In the last several chapters, you've studied air and water 
pollution. Both are particular problems in cities and towns. 
Yet neither form of pollution respects city limits. Air and 
w:tter flow from one region to another, often carrying pollut- 
antsdbiig distances from their sourcfe. 




□^"21. List all the ways that )y?u contribute to the problem 
of air pollution. 

□6-22- Describee how your contributions to air pollution 
migbl be Reduced or eliminated. 




Serious air-po!lulion crises have occurred in many U.S. 
cities and in other cities around the world. One ol' \hf: most 
disastrous situations occurred in Londori Lngland. Excursfon 
6-1 describes that crisis and helps explain how it happened. 

Fifty years ago, even lilieen years ago, few people were 
worried about the elfects of pollution. Why is concern lor 
the input-output relationship between man and his sur- 
roundings suddenly so important? Chapter 7 deals with tliis 
question by looking at what is happening to the world popu- 
lation. 



01 



Excursion 6-1 is an interestrng one for exten- 
sion and general interest It introduces the 
idea of a lempeiature inversion it requires no 
equippnont and could Be done home. 

No materials noed to be prepared for Chap- 
tor 7. 



Before going on, do Self-Evaluation 6 in your Record Book. 
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EQUIPMENT LIST 
Non« 



CHAPTER EMPHASIS 

Rapid increase In the human population is 
causing many problems on ihe earlh. 



The Environment 
Throws a Curve 



Chapter 7 



gxijurslons 7-1. 
chapter. 

0 



7-2. and 7-3 are keyed to this 



Ever since man appeared on the earth, his activities have 
affected the input-output balance of Hving things and their , 
surroundings. His most recent eftects are perhaps the most ^ 
outstanding. Lands, once forested, are now covered over with 
concrete and steeL Many bays, rivers, and lakes, once clear 
and filled with life, have shores spoiled by oil spillage and 
refuse. City air, gt first clear, the?h hazy, is now smog-filled. 




MAJOR POINTS 

1. Population curves of living thing^aro typi- 
cally S-shaped. with a slow, then a rapid. 
Increase followed by a leveling oft 

2. The rapid Increase in population is called 
a population explosion 

3v Variables that could limit the population 
\(&^\, and cause the leveling off, are these: 

a. p^^sence of disease organisms 

b. presence of wastes and poisons 

c. amdunt of food and needed gases 

d. avanabillty of space 

4 When number of births equals number of 
deaths, the population remains constant. 

5, The population curve for man has not yet 
leveled off. 

6, Scientists believe the size of man s popu- 
lation Is limited by the same environmental 
factors that limit the populations of other 
fiving things. 



Chapters: 7 and 8 have little or no laboratory 
experiments or activities. Instead, the student 
U8e3 the background that has been built up 
In the earlier chapters to ^olve practical en- 
vironmental problems. Graphs are used to 
point out some of the factors. Students may 
feel that these chapters are not as impgrtant 
as tlie others. This should not be th^ case, 
and you may have to use your influence to 
counteract this feeling. 
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You may want to check the graphs of several 
students to see that the data have been 
plotted correctly. Note also that it should be 
a best-fit (smooth) line. 



□ 7-1. Why have man's prcaiesi efVccts on the environment 
been the nuKst recent ones? , 

□7-2. .Do you predict njan's future efl'ccts on his environ- 
ment will be greater than, or les.s than, those up to now? 
Explain your prediction. 

7-? Accept the student's prediction. The ox- 
plnnalion, however, should have some reason- 
able basis other than just a feeling of 
optimism or pessimism. 

The eflect of people on their surroundings depends upon 
what they lake from the enN ironmeni and what they put back 
in. Living things cannot avoid changing their environment. 
Neither can groups of living things avoid being changed by 
their environment. T he larger the size of the group, the more 
change it will produce. How h:is the size of thehuman group 
changed, and what will he the result of that change? 

Table 7-1 shows what has happened to the world popula- 
tion since 8000 b.c. Plot this information on the grid in Figure 
7-1 of your Record Book. Then draw a best-fit line. 

Table 7-1 * 
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* Estimated population 



WORLD POPULATION CHANGES 


Date 


Population (millions)* 


8000 D.c. 


. 5 - 


• .-JOOO B.C. 


7.5 


. 2000 B.C. 


'^ 150 


Birth of Christ ' 


250 ' , 


A-D. 1650 


500 


A.U. 1830 


1,000 


A.D. 1930 ' ' 


2.000 


A.D. I960 , 


3.000 


A.D. !970 


3,600 - 


A.D. 1975 


4,000 


A.D, 2000 


7,500 



> 



8000 



7500 



7006 



'6500 



6000 



5500 



5000 



£ 4500 



^ 4000 

a 

^ 3500 
3000 



2600 



2000 



1500 



JOOO 



500 
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Figure 7-1 



9000 B.C. 6000 B.C. ' 4000 B.C. 2000 B.C. <iv Chr>jit A. D. 2000 

' * 7000 B.C. 5000 B.C. " . 3000 B.C. 1()l0O B.C. " A.aiOOO 



r Time (thousands of years) 
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Q7-3. According lo your graph, what will the world popula- 
tion be by 2020? 



. The student answers should prove inter- 
esting It probably should l>e pointed out. 
however, thai, there Is no unanimity among 
scientists on the question of how high the 
human population can go. 



Figure 



You probably had trouble wilfi ihe lasl question. It*s not 
easy to answer from the graph. If the graph you drew in 
Figure 7-1 is a good one, the line near ihc^ right-hand side 
shoiuld have been about straight up! 1 his rather startling 
prediction about population growth has led to the term popu- 
lation explosTdn. The population increase is occurring at an 
''explosive" rate. ^ ^ 

□7-4, Can the size of the wcirld population of humans con- 
tinue to increase from now on? 

y - 

^Per4iaps you need more information to answer question 
7-4. Fort^xample^ is the human population explosion typical 
of other living organisms? Take a look at population growth 
in some other'animaK *■ 

One common but very tiny animal frequently used in 
experiments is the paramecium. It reproduces by dividing. 
One animal divides to become two (Figure 7-2). Each of the 
new animals divides again, making four. Because Para- 
meciums live and reproduce in water, their population 
growth can be observed easily. 
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In one investigation, 0,5-ml samples of water were taken 
daily from a container in which there was a well-fed para- 
mecium population. A microscope was then used to count 
the number of organisms in each 0.5-ml sample: Table 7-2 
contains the results of thirteen days of ir^p^igation. Plot this 
information on the grid in Figure 7-3 in your Record Book 
and draw a best-fit line. 

The Paramecium population in the container certainly 
grew rapidly within one week. In thos^e few .dtiys, it became 
eighty times larger than at the start. 

















TIMI^ (days) 














0 


1 


2 


.3 


4 






7 


8. 


9 


10 


1 1 


12 


13 


Number of 
Parameciums 
in 0,3-ml 
sampJc 


5 


♦ 2 


30 


75 


150 


260 


340 


405 


440 

* 


450 


455 


445 


460 


450 



600 



1 



^ 400 

o 



300 



200 



100 
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Tabl0 7-2 



6 8 
Time (days) 



10 



12 



t4 

Figure 7-3 



□7-5. According to the" graph, is the rate of population 
increase a constant? 

□7-«. What do you predict the population will be by the 
bcginnirtg-cf the fourteenth day? 

□T'^v On what da/ did the number of births first about equal 
the number oXjtk^hs in the. population? How do you know? ^ 

If you completed Figure 7-3 successfully, the shape of the 
curve should have reminded you of the letter S. This 
S-shaped curve has been found in population studies ormany 
planM and animals. Because of this, it is often called a popu- 
lation 'curve. Figure 7-4 shows a typical population curve. 



7-6. B^^yyien 445 and 460 

7-7, The prpbai^le answar is either day 5* or 
lO. ThiA should be evident from the figures 
(no Increase In tokil population) and from (he 
gr^ph (leveling off of the line). 
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The leiiers A and B have been ackleci lo identify certain poinis 
on the curVc. 




Time 



Figure 7-4 

tlT-B: \yhat happened to ihe size of the parameciiim popu- 
lation Up lo point A? * ^ 

□7-9, \yhat happened to the population during that part 
of the graph between points A and B? 

□7-10. W>iat happened to the rale of population increase 
from poim B. on? ~^ 



ef^APTER 7 



— UttI© or no Increase 
Small Increase 




As you can see. there is Hrsl a small, then a great, increase 
in the population size I his shar|) increase js followed by 
II leveling olV in the laie of population change. I'lnallv. the 
size or the population stays about the same. T his is illustrated 
in Figure 7-5 

*D7-11, What variables would cause the populaticWi cun'e to 
levjcl off al\er point B? 

□ 7-12. How does the cur\'e in Figure 7-1 (the one for the 
human population change) difVer iVom the typical population 
curv* (Figure 7-4)? 

In your answer to question 7-11, you may have suggested 
several variables that could limit the population level. Your 
list may have included some of the following; 



1, The presence of disease organisms 

2, The presence gf wastes and poisons 

3, Amount of food and needed gases , 

4, Availability of !>pacc for the organism . 

The cn^ironmenl cannot supporumore life than it can feed. 
Neither can it continue to support life if wastes and poisons 
become too concentrated. The greater the size of the popula- 
tion, the more the organisms are crowded together. Thus, 
accumulation of wastes increases. 




Allholigh students may not l^iive roaluod tt. 
tho activities m Chaplc/V 3 lhal used yot\t\ 
could havG boon ih^ bogionnig o( a popula- 
Ijon atudy. lhes« microorgantsms, wbcn 
supplied wUh JooO. (powdO(Od miiK. coniam- 
Ing sugar)"multipfy Howovor. as the Sugar is 
consumod, it 13 convoflod to aicohol by Iho 
process of fermontaUon This alcohol servoa 
as a poison, and the yoasl population. tho 
oxpenmoni were allowed to contjouo. would 
slop multiplying and m fact would decroaso 

7-12. Tho human population curve has not 
loveJod off. and conlmues lo increase at a 
higt^ rale. 



CHAPTE 
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Poor nulniion means a weakening of ihc-living organisfn. 

Thus, chances of survival arc reduced. Crowding and accu- 
. mulalion of waslcs and poisons increase (he hkehhood of 
^arly dcaih of ihe organism ihrough spread of disease. Even- 

iiially, because of the inpui-ouipui beiween environment and 

organisms: 



fexQgrsion 7-1. . " The Moro thfl.M«rrl«r? ' 1» for 
^enrichment purposes It will give some ideas 
about the effect of overcrowding on animals. 



7-16. Again, there car> be a wide divergence 
of opinion^ on the increase of world popula- 
tion. Man. with his Ingenuity, is able )o adapt 
to conditions that normally would serve to 
limit the 'growth. Oisea$e is conquered by 
medical practices; increased food production 
is accomplished by improved farmlrig. 9^1 
some (actors h^ve not yet been brought under 
control, \ ^ 

# * 
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Number of births 
In the 
population 



r 



Number of deaths 
in the 
population 



Excursion 7-1 describes an important experiment that was 
done to study population increase or mice. The excursion 
may give you an idea' of how you might set up your own 
population study, 

^ What tlien does all this mean for the human species? Man 
is an organism, and the population curves for organisms seem 
to have a similar shape. How much of the S-^haped popula- 
tion curve is complete for man? (Refer to your graph from 
Figure 7-1 in your Record Book-) 

□7-13- Does the rate of human popiilation growth seem to 
be leveling ofT? 

□7-14, Does the total population predicted for the year 2000 
suggest thai there will be a leveling off of the Curve by that 
time? 



□7-15. It is predicted that th6 1970 world population will 
be double(L^y fhe yeaiv^007. Does your graph in, Figure 
7-1 supporj^that prediction? 

■ ■, / • • ., 

^ Apparently the curve in your graph is onl^j^ a part of the 
typical population cOr\'e. The human population grew very 
jylowly at first. Now it is growing rapidly. The question many 
people arc asking is, '''When will the human population leVel 
ofT?" 

□7-16. Give as many reasons as you can for why you think 
the world population can or canrtot continue to increase 
indefinitely. 
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Scientists bclicVc man ts controlled by the same environ- 
mental factors that limit the populations of other living 
things. Overcrowdm^, famine (lack of fooel), and pollution 
perhaps are some of these factors. 

Man\s output has become the environment's input back 
to him. How will ihese inputs atlect his numbers? 

Some people believe man can escape an overpopulated 
■jSlffftftt before it is too later If you -arc"onr of these,- yow-H 
want to look at Excursion t-2l "^Fiscape into Space." 

Some folks argue that there j^only one way to stop over- 
population. Excursion 7-3 illustrates their ideas. 

B«for« going on, do Self-Evaluation 7 In your Record Book. 




Excuralon 7-2 Is fairly rigorouB and may bo 
completod only- by tho n^ofe amOilious atu- 
cjonts Everyono can gel something from il. 
however . and should onjoy the surprise 
ending 

Excursion 7-3 Is an Interootlng approach to 
a controversial subject It Is for enrichfrfont 
purposes r ^ , 

No materials need be prepared for Chapter 8 



\ 
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eOU!PMENt LIST 
Watch or clock with second hand 



Facing Real Problems 

Excursion 8-1, for enrichment. key^d to 
Problem Break 8-5 in this chapter 



/ 

For most of us, it is hard to believe the ear/h will ever be 
overcrowded. Four billion people — earth's present popula- 
tion — sounds like a lot, but can you imagj^ie what sucfl/ a 
number meaj>s? If you are like most peoplej numbers of^riat 
size don^Mnean much. Even the number 1,000,000 i^ rnofe 
thjyMtfost people can manage, / 

Perhaps the following activity will help you appreciate the 
size of the worJd population and the rMe at which it is 
changing. , " / 

Suppose you had to cqpnt all the neAv people add^d to 
the worlcf*s population. You can find out how good you would 
be at this job by seeing how long it takes you* to count a 
few people — all those in your classroom. You will need a 
watch or timer. 



CHAPTER EMPHASIS 

The solutions to environmental problems are 
usually difficult and require the consideration 
of many points of view. 



Chapter B 



I^AJOR POINTS 

1. Simply counting all the individuals in the 
population tiy ordinary metho*ds would bo a 
tremendous (and neverendlngrjob. 

2. Making just decisions about problems 
related to the environment Is a difficult job. 
It requires (a) seeing'all sides of the problem, 
(b) weighing all the factors Involved, (c) con- 
sidering tha welfare of all people, and (d) 
courage and common sense. ^ 

3. Each major problem Is conrtpo3ed of many 
smaller ones. To find a solution to a largo 
problem, the smaller ones must flc^t. be 
solved. 

This findl chapter could be the mp^t stimulat- 
ing and thought-provoking one for your stu- 
dents. Hopefully, they will be able to apply, 
what they have learned In earlier chapters. 
The problem breaks are designed to Intro- 
duce them to a variety of current issues 
centered around environmental problems. 



r 




8-1. Insist on the correct units being given 
(number counted / second). 



8-4,86.400x 365. which Is 31.536.000 



8-5. 1.892,160.000 people 
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ACTIVITY 8-1. Note the time when you begin, and when you 
finishj counting all the people In the room. 



Using the following formula to gel your people-counting 
rate: 



in/r 



^ , * Number of people counted 

reople-counnng rale — ~ — 

Time (seconds) 

□8-1. What is your people-counting rate? 

V 

Even though your rate may be faster, let's suppose you 
counted one person' every second, 

□8-2, How many people cou^ you count in one minute? 
ii) one hour? 

□8-3- Suppose you counted at that same rate for one day 
(24 hours). How many people would you have counted? 
(Sorry, no time out for meals, rest, or sleep.) ^ 

□8-4. Suppose you worked 24 hours per day for the next 
year (365 days). How many people would you have counted 
by the e^jnd of^he year? 

□8-5. Suppose you put in th^ nexr59 years counting people 
at the same rate (24 hours per day with no breaks). How 
many people would you have counted at the end of 60 years? 

After 60 hiingry and thirsty years of hard work with no 
sleep, you cdiild have counted less than two billion peopre. 
During that period, the world's population would have gone 
up by more than ^two billion. This means that you would 
have fnore people still to count than you started with. 

To measure gains in population, you have to know n)ore 
than just how many people are born. YoO also need to kpow 
hdw many die. 



/ 



nS-6. Complete Table 8-1 in your Record Book. 

Table 8-1 



^ WORLD POPULAT ION 

— Bixthraic ^.W-t^OOO-pcrday. 

Death rale ' r= L18,200 per day 
Gain in populaiion =: per day 



□•-7. What is the daily gain in the world's population? 

Apparently, peopfe-counting isn't a very rewarding occu- 
pation. One person just can't keep up with the work. An 
cvcA more impossible job would be trying to keep up with 
the needs (food, housing, schools, etc.) of so many people. 




FOPULATIOSI INCREASE 

People living in cities and towns want such services as 
electricity, water, and telephones. They want to be able to 
buy food and drugs frotn local stores. They need airports, 
schools, hospitals, lire arjd police protection. They need jobs 
as a source of income. 
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Some of the problems wMI require more time 
and effort than others But each one provides 
.the occasion for creative solutions They 
sho\jld be viewed as opportunities for getting 
experience in facing tha-^Mnd-of problems the 
students will encounter as adults, 

HopefbMy» students will see and respect the 
viewpoint of others They may discover that 
tactful persuasion and publicity are some- 
times more effective than regulations as 
means of overcoming some environmental 
crises. 



You have seen that when people hve close logelher, each 
person's oiilpiil combines with that of others. I he loial ouipni 
can produce serious pollution problems. You also know that 
(he (rend is for people to move to cities and -to live closer 
and closer together. Thus, you can expect things to get worse 
in-the-ftrtufCT^ — 

The rest of this chapter highlights some of the kinds of 
problems you may have (o help solve when you get older. 
Try to examine each problem break from as many diflTercnt 
viewpoints as possible. 

In conducting your investigations and in proposing sojui- 
tions, keep in mind that your plans wilT affect many other 
people. Also, be aware of what your plan will cost. Time 
is important, too. You should consider how long it will take 
to carry out your plan. Make use of all you have learned 
throughout this unit. Use oth^r knowledge you have gained 
from reading, frorri television; and from radio. Discuss your 
ideas with your cla.ssmates and teacher. 

PROBLEM BREAK »-1 - 

A strange insect that spreads a rustlike disease has sud- 
denly attacked thousands of acres of crops in your area! The 
farmers want to use large-scale sprayings of insecticide to^ 
kill the insects, save their crop<, and prevent further spread 
of the rust disease. 

Other people are protesting the use of the insectidde. They 
are afraid that it will poison the soil and water for yearsnC^ 
cojne. They are also afraid that the wind may carry the 
poisonous chemical into your town and onto 'nonfaniiing 
lands. To avoid these dangers, they suggest that the farmers 
burn their crops, thus killing the insecty^^ course, the farm- 
ers' crops would be a total loss. Ama because the farmers 
borrow frotp the town's banks and^v^y in the town's stores, 
the townspeople would lose monfey, too. 

What are the advantages and disadvantages of the two 
choices? What would you suggest as a solution? 




POLLUTION 

□ 

FOR 



POLLUTION 



AGAINST 



PROBLEM BREAK 8-2 

The state of. Noname has a small population. It has many 
farms but little industry. The , injjount of tax money the state 
' gets is not enough to give each child a. good education. Not 
much can be done for the poor or Md. Potholes fill the 
•roads, more bridges need to be built, few fish and game 
animals are stoc\ed, and state hospitals are such old firetraps 
that the governor wouldn't stay in one when he was sick. 

A well-known electricity-producing industry has discovered 
a large deposit of hard coal. Unfortunately, the deposit lies 
in one of Noname's state recreation areas, beside the largest 
lake in the state. The industry feels it is an ideal place for 
a new powej/plant. The^coal could be taken from th^ park 
by surfacp^iining and used as fuel. The cool, clean water 
from tht swimming and boating lake could be used to oper- 
ate steam turbines. The heated and polluted water would 
then be released back into the lake. 

The industry a^iees to sell to the state at a low price all 
the electricity produced. Tax money to the state would in- 
crease by 25 percent!' Surrounding states could buy surplus 
electricity, bringing in more money. Furthermore, many 
other industries would soon move into the state because they 
coultl obtain cheap power. 

What are the advantages and disadvantages of bringing 
in this industry? What limitations, if any^ would you place 
on such an industfy? Suppose Nonamc's state legislature 
must decide for or against the industfy. As a state legislator, 
how would you vote? Why? 



with your help, students should begin to ap- 
pr«Cl«t« thQ magnitude of the questions and 
thecomplpxity pi solutions. Noteihe opposing 
tactions, and the constraint (or the student to . 

both sides. Experience has shown that in 
Problem Break a-l there is quite a ditteronce 
in the way students Irom a rural situation and 
those from an urt>an setting react to this 
problem. | 
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PROBLEM BREAK »-3 

Recently, samples of snow crystals were taken from widely 
separated areas of the United vStaies. Some samples were , 
taken from^ remote wilderness areas. Chemical analysis of 
these samples showed that lead -particles were present in 
^•eV^r}^ region from which J;^^aniples w^re taken. It is be- 
lieved the lead particlps nad been released to the air in 
automobile exhaust gas^s. The water in the clouds then 
formed ice crystals around the tiny lead particles. 

Lead is a poisonous metal It can accumulate in the bodies 
of living organisms and cause damage and even death. 

As a member of the air-pollution control board of your 
state, what steps, do you recommend be taken to (Control the 
release of this poisonous substance? What will be the effects 
of your suggested controls on the automobile industry? How 
will the citizenry be affected? ^ 

PROBLEM BREAK 8-4 ^ 

Assume that the community in which you live is located 
on the seacoast. As tlje population increases, your town is 
f?iced with the problem of garbage and trash disposal. The 
city engineers and the townspeople disagree^n how to dis- 
pose of the garbage. Several different proposals have been 
made to the city commission. They include the following: 
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1. Hauling the garbage "but to sea and dumping it 

2. Using trash and garbage to (ill part of (he bay and 
* provide additional buildrng sites 

3. Using trash and garbage to lill low lands around the 
town and make them i^yitable for building sites 

' 4. Compressing the trash and garbage into blocks and then 
covering them with concrete and using t|iem as building 
materials ^ 

What position would you take on each of^tiicse suggestions 
and why? What alternaiive(s) would you suggest? 

PROBLEM BREAK 8-5 

Th^ amount and variety of noise increases daily. High 
noise levels damage buildings as well as the human ear. 
Lower noise levels are sometimes irritating and may lead to 
an inability to think or sleep. Other effects of noise pollution 
arc described in Excursion 8-1. You may want to take thfit 
excursion as you work in this problem break. 

Your city is likely to be as noisy as > any other. Trucks, 
aircraft, motorcycles, and other noisemakers 'are bound to 
have their effects on your ears. As a community decision- 
maker, 



Of cour^, this problem braak Is applicable to 
all garbage disposal problems., end not just 
those of a seacoast community. 



Excursion 8-1 should prove interesting to 
most students. It gives some useful back- 
ground on sound pollution, and Is especially 
relevant to ninth graders. 



t what limits do you recommend be placed on noise 
sources? . 

1 what good and what bad efTects would such limitations 
have? 

3. should noise polluters be fined or punished just as air 
and watcjT polluters are? If so, how? 



In ord^r to answer these questions Intelli- 
Oentty. students need home of the inform'htloh 
supplied In Excursion 8-1, In this resppct it 
could be considered remedial in nature 



Every once in a while someone suggests that you can 
control the population of large cities .by building new and 
smaller cities in less-populated parts of the country. They 
say that large industries could be invited to build factories 
in each new area, providing jobs for the new residents. 
Supporting businesses, such as groceries, utility companies, 
clothing goods, and so on, would move in to supply the needs 
of each new city. The planners would limit each new city 
to a certain size based on the predicted population increase. 
Of course, pollution control could start as soon as the first 
citizens arrived. Utopia? 
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T|ilj| -prot>)eit1 break tends to tM a)m«d M 

group activity mpro than Urn others were A 
proup of IhrfM) or four coutd cooperate Then 
tNer 90Uittons formulated could be compared 
•with those of other groups. On tf^e basis of 
the ensuing discussions, the wntton plan 
could take shape. 



*>ROBLEM BREAK 8-6 

vSupposc you are one of the planners for such a city. You 
are to help decide where it is to be locatell and what large 
industries to include. Setting up systems for water supply, 
sc;wgge control, pbwer, and tfansportauon are all under the 
control of your planning group, Uocaiion of industries, busi- 
nesses, schools, and sq on, must also be decided by you and 
the other planners. ^ \ 

Talk with several classmates as y6u ^ti up a study group 
for the planned community. If done correctly, this task will 
lake much time and eflbrt. Assume your cit)' will siart with 
300' families. Permit a slow increase in new families during 
the rtext twenty years. Each^-fkmily should average four 
members. Here are just a few of the problems you will face: 

L How will you select those who are to settle in your town? 
\ i From where will the city receive its food and water? 

3. How will the people and industry be taxed? 
• 4. What form of government will the city have? 

5. What re;sponsibility will-^your city have to- the nearest 
neighboring towns? 

6. What recreational facilities will be provided? 

7. What will be the city's source of power? 

8. How far ahead should you plan? 
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Hundreds of other questions could be listed. You will soon 
sec that being a city planner is tough job. Good luck to 
you and your group. 'v^ 

Your task won't be complete until you and your Iroun 
have prepared a written plan. Be sure to include sketches 
ahead' ^'"''P''"^'* ""'^y- '^^^'f forget to plan 

The, problem breaks you have completed contain a very 
important message. They point out that the solutions taenvi- 
ronmcntal problems are far from simple. Understanding and 
dealing with pollution involve concepts in science, econom- 
ics, pohttcs, and sociology. Simple solutions to such difficult 
questions are very unlikely. Many, points of view must be 
taken into consideration. And emotional reactions must give 
TO to reason. Decisions must be based on the best informa- 
tion available. 



Notfcs that the student is tjefng reminded of 
the interdisciplinary nature of the problem 
breaks. Science alone -tqnnot solve, the 
problems facing humanity. You may want to 
use teachers from other departments as 
resource people for the students. 
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If tlm« nnd mtoroat parmM. som« of your 
»tud«ntai may wish to "localU*" the unl! 
^rthor. You should oncourage this, but be 
fluro to.keop abroast of their work With the 
interest and emphasis being jjla'ced on pollu- 
tion todiiy. there l« r^o limit to what the 
etudentt can do. 

Too'^often the student has no real idea of his 
day-to-day accomplishment In ^chool This 
list can serve as a goocj check, and can sum- 
marize for him the main points of the entire 
unit- ' 



Pcrhnps you, your classmates, and your teacher hnvc 
thought of other environmental problcm'i> to investigate. You 
may wish, to study problems (hat arc currently being faced 
^n your local area. Try tackling some of the kinds of difficult 
questions that are faced bv the men and women who guid^ 
your community. It will help you understand the problems 
they face. It will also help prejt)are you to handle lough 
problems. 

You have read and done a lot as you completed thi3 unit 
Ola EnvironnicniaJ Science, You can consider that you have 
accomplished a lot if you 

1. understarfd better the way the environment and living 
organistns interact, ^ . 

2. see more clearly how living things depend on each 
othicr. ' 

3. can identify causes of pollution, 

4 know some of the effects of air, water, and soil pollution 
on living things. 
. 5. realise that population increases require immediate, 
long-range planning to control man's efTects on his en- 
vironment. 

6. recognize the difficult nature of the problems men and 
women face in providing a good life for their families. 

7. can appreciate the importance of testing different ideas 
and viewpoints in seeking solutions to ^an's problems. 

8. have learned ttvat there are times to compromise ^nd 
times to stand up for your ideas. 

Before going on, do Self-Evaluation 8 in your Record Book. 
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Excursions 



• new ihings? txcuK.onS can give you ,hc chance. In mar>y 

7Z 1"^ p""" *«P*^5 -B"t chapters carry the n,ain 

. go further, .hey may help you go into differen. material or 
they m.yjust be of .merest to you. And some excursions are 
""wu t '° ^"^'P ""derslahd difficult idea.- 

you shoi^ld return to your placein'the text material and con- 
fnd differeu'"" '^P' «»• "e in-aresUng . 
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EQUIPMeNT LIST 
Nona 



A Real Killer 



This \9 t gensral Interest excursion 



The ^Idck Death, now called bubonic plague, ' is a disease 
spread by fleas infected with the bacteria Pasteurella pesds. 
The bite of an infected flea transfers the bacteria to the 
animal bitten. Because rats carry fleas, they help spread the 
diseasfc from city to city and home to home. The rats them- 
selves may become infi^cted with the disease. The bacterial 
cause of the distase was not di.scovered until the 1890's— 
about five hundred years after the great plague of the 1.300's. 
Even when the bacteria' was discovered, it was not known 
for sure how it was spread. It is now knowrt that the disease 
can be carried directly from person to person as vv^ell as by 
the flea. ' . 



PURPOSE 

To explain the cause pf the Black Death and 
show Its effect on world iaopulatron 



Excursion 1-1 



' MAJOR POINTS 

1. Bubonic plague Is caused by bt^terla that 
can ba carried by fleas ^ 

2. Tb^ disease can spread from person to 
person, as well as be spread by rats 

3. Overcrowding, poor sanitation, and lack of 
personal hygiene contribute to the spread of 
disease, 

4. A hu^ number of people can die as a 
result of an epidemic. 

5. A graphical representatlorv can show pop- 
ulation changes better than a table can. 



\ 



In the I300\s, condiiions in Europe were bad. Famine and 
overpopulation had produced poverty >,and overcrowded 
(owT\5 and cities. Raw sewage pol liked the streets, and sani- 
tary facilities were less efficient thaii those of Caesar's Ronmc. 
Cities were rat-infested, and people were ridden with fleas 
artd lice. Conditions were idfeal for the spread of a di^^easc 
such as the plague. 

In Its journey across Europe, the plague took a great many 
lives. You can better appreciate the impact of this great crisis 
if you plot the data from Table 1 on the ^ri^ of Figure E. 

Tabl» 1 



Approximate 
Population 
(in millions)* 


Year 


• 

Approximate 
Population 
(in millions)* ' 


— -r 

Year 


56 


1000* 


61 


1450 


58 


1050 


69 


1500 
r f 


61 


1100 




y 1550 


.64 


1150 


101 


1600 


68 


1200 


110 


I630'» 


- • 72 „. 


1250^ 


100 


1660»* 


\ 79 . 


!300 


>20 ", 


J700 
— i 1. 


• 83- 


' 1350 






60 


1400 







■ > 



* Estimated data; actuai data unavailabie, 1 
Note thai thesr fipirts arr not for SO-year intervals, , ^ 



Depending on the amount of skill $r) graiphlng 
that students bring with them, you -may find 
that some additional help Is necessary. The 
factors that seem ^t<\. caMse the most trouble 
are the folio^ng: 

1. The scales do rK>t start at zero. 

2. The population figures are in milllbns. 
the "year" figures are not given In equal 

Intervals. 
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Some graphs dorCx start at zero. As you label your vertical 
scale on Figure 1, notice that you can label the bottom line 
"50" (for a population of 50 million). Every horizontal line 
can then stand for an increase of one million in th^ popula- 
tion^ And your vertical scale can take care of a range froni 
50 million to 120 million people. Label only the lines that 
show an increase of 10 million population, and your scale 
won't become cluttered. 

The horizontal scale shouldn't start at zero either. Label 
the left-hand vertical line "1000," ajid you should be able 
to complete the scale easily. / 
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□l. As you move lo ihe righl on ihe horizontal scale, what 
increase in years will you let each ihin v^riical line represeni? 
each heavy vertical line represent? / 

02. Explain why you think it is, or is not, necessary to label 
on the horizoniQ,! scale every year that is listed in Table 
I? 



\ 
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A.O. 1000 



Year 



□3. According to your graph, when did deaths from the 
plague occur at the fastest rate? 

P4. How many years passed before the population of 
'feuropc again rose to the pre-plague level? 

.08. What do yc^ii think migiit account for the dip in the 
graph during the I600V? 

06. How would you find out if your^answer to question 5 
is a good one? 



1 10 years; 100 years 



2 H Is not nocessary As loijp as you know 
that each heavy vertical line repreoonts IQO 
years, and that the intervals betv/een the 
heavy lines are divided into 10 equal parts, 
onty^ the he'avy lines need Jo be labeled. 



Figure 1 



5. The student might infer'that another plague 
hit. H© would probably have no way of 
knowing that Ihis was the so-called Great 
Plague of 1665 that strucK, among other 
cities, metropolitan London. During some 
weeks, more than 30,000 people died In this 
city alone. In July. August, and Septefnber of 
that year over a tenth of the population of 
London died of it. Schools and universities 
closed: people fled the city. Isaac Newton, 22 
years old at the time, went back to the country- 
side, and in 16 months* working by himself, 
laid the fpundations of his laws of motion, 
universal gravitation, optics, and the mathe- 
matics of calculus— an interesting conse- 
quence bf^o great a disaster. 
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Perhaps you would like to do some oni.side reacjiing on 
the history of the bubonic plague. Here are a few references: 



/ 



The Black Deaf ft G. C. Coulion, Harnesl Benn Ltd. / 

The Black Deaih: A Chronicle of ihe Plague. Compiled by 
Johannes Nohl. George Allen and Unwin Ltd. 

The Bubonic Plague and England Charles F, Mullctt. Uni- 
versity of Kentucky Press, 

'The Medievah Plague: The Black Death oj^ the Ages. 
Qeoflrey Marks. Doubled^y & Company. 

Plague and Pestilence in Literature and Art, Raymond 
Crawfurd. Oxford University Press. 
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EQUIPMENT LIST 
Non# 



PURPOSE 



To review or reinforce the parlicio model of 
matter from ISfcs Levels I and 11. 



Rearranging Particles Excursion ^-1 



Tfils Is a remedial-review excursion 



A,particle modej for matter was introduced in Volume 1 of 
ISCS and (J^veloped in Volume 2. This model is based on 
sccnffic research. It is ^ attempt to explain the countless 
observduons scientists have made of matter and its behavior 
rhis scientific model attempts to account for the many simi- 
lariues we see m the appearance and behavior of the sub- 
stances that make up our world. The model also attempts 
to cxplam the differences we observe in substances 

It IS impossible to provide all the arguments and reasons 
for each part of the particle model in the short space of this 
excursion. But it may be of help to list the different parts 
of the model, and then to explain a few of the more impor- 
tant ones. ^ 

1. All matter is composed o( parades. 

2. All matter is made up of one or more kinds of matter- 
particles called, There are 100 or so different 
kmds of atoms 

3. Substances composed of only one kind of atom are 
called elements. 

4. During chemical changes, atoms underg6 rearrange- 
ment. New substances formed during a chemical re- 
action are new combinations of the atoms that made 
up the original substances/These reactions may be 
accompanied by temperature changes. 

5. When atoms combine/they do so in an orderly way 
They are selective in combining. Atoms of one kind 
do not combine with every otheV kind of atom. When 
atoms do combine, a definite number of each is in- 
volved. 



Answers to Checkup 
on page ti 

Th« following statements are 
correct and should have been 
marked with a check {y/y 

1. a.b.c 

2. a,c,d 

3. b,c 

, If you incorrectly marked more 
than one of the 11 choices for 
the three questions, you 
should complete this excursion 
befpre going ahead with 
Chapter 2. It will give you a 
quick review of the ISCS 
particle model and how It 
explains chemical change. 



MAJOR POINTS " 

1- The 1 2 points of the model are enumerated 

2. Certain parts of the model are emphasized 
as being more important In environmental 
studies. 

3. Reactants and products In a reaction are 
redefined. 

4. Atoms are conserved: the atoms In the 
products of a chemical change are the same 
as those In the reactants. 
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6. Substances composed of more than one kind of alom 
combined in definite numbers arc called compounds^ 

7. -All matter is composed of three kinds of parliclcfe 
containing charge. 

a. One kind of particle has either excess negative or 
excess positive chdTrge. These particles are called 
ians. 

b. The other two kLids of panicles contain an' equal 
amount of both positive and negative charge, 'they 
are said to be neutral These tw<5 kinds of particles 
are called molecules and atoms. 

8. Electrical forces between opposite kinds of charge hold 
together atoms and molecules, as well as ions, to form 
elements and compounds. 

9. Molecules are made of atoms. Large molecule^ can 
be broken upjnto smaller molecules and even into 
atoms. And smaller molecules can be combined to 
form larger molecules. 

10. The neutral atoms in a molecule are held together by 
the force of attraction between opposite charges. 

11. All or any of the following can be used to increase 
the rate of a chemical reaction. 

Increase the concentration of one or more of the 
reactants. 

Increase the temperature of the reactants. 

c. Add a catalyst to the reactants/ 

12. Energy changes accompany chemical reactions. When 
combirfed particles are separated, energy is absorbed 
ffomrthe surroundings. When separated particles com- 
bine, energy is released to the surroundings. 
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If you studied Volume 2 of !S<5S. you may remrember that 
thci particle mod^l for matter and its cfianges applied to both 
living and nonliving things. It proved useful in explaining 
the changes you observed when you studied living creatures 
such as fish and microscopic organisms* 
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Each part of the particle model is important. ^However, 
there arc some parts of the model that need more emphasis. 
These ideas will help yotftndcrstand more rull> year study 
of environmental changes. 

The model assumes that all substances in nature are made 
of invisible particles called atoms. - ' ' 

□l. What name is given to substances containing only one 
kind oCatom? 

□2. According to the fnodel, how many substances are there 
that contain only one kind of atom? 

□3, What name is given to substances containing two or 
more different kind|jof atoms? 

□4. Does the model suggest how many substances there are 
that contain two or more different kinds of atoms? 

Because of certain forces resulting from electrical charge, 
atoms may be attracted to each other. As ,a result, the atoms 
form combinations. Thfese combinations are what hold atoms 
together in elemental and compound substances. Figure l' 
illustrates this. ^ ' ' 




Element 




>. C6mp6und 



: A chemical qhpnge is $aid to have occurred whenever any 
of the follov/in^ take fJlace:, > ' 

1. AtQitis of one clement-combine with those of another 
^ clement to fo/m one or more new combinations. 



4, The model doetu not suggest the number 
of 8ut>stances. Actually {f\e number is astro- 
nomical, and new 9ut?stances are t>efng syn- 
thesized all the time. ^ 



T Figure 1 
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Figure 2 



l^eactantt 



m 




Product 



2. Atoms of one or more elements combine with atoms 
-of one or more compounds to form one or more new 
combinations. 



Figure 3 



Element i-^ Compound 

AAAA 



Reactanta 



Productt 



Figure 4 



^ 3. Atoms of two or more compouctds combine to form one 
or more new combinations. 



Compound 



^wPiipwuiiu p-« Compound ; l\ 



102 EKGUF^SION 2-1 



Reactantt 



Productt 



In each of the cases, the starling substances and their atoms 
arc called reac'iants. The new substances produced are called 
products. The arrows indicate that produces come from rc- 
actants. y-^ 

T-fie atoms in the products of chemical change are atways 
the same as those in the starting rcactants. This idea of atom 
conservation is very important. Check the illustrations in 
Figures 1 through 4 to see if the symbols show that atoms 
arc conserved. 

The particle model says that Combined atoms are held 
tbgethcr by forces of attraction. If rtactants are to be changed 
to products, a very important thing must happen to the 
reactant atoms, They mus4 be separated so that they can 
combine in new ways. Unless new combinations arc formed, 
no new products result. To separate the combined reactant 
atoms, the forces of attraction between them must be over- 
come. Overcoming these forces requires an input of energy 
in some form. 



\ 




ngure 5 



The energy needed to break up combinations of atoms can 
be in one of several forms. Heal, lights and electrical energy 
can all be used to separate combined atoms so that chemical 
changes can occur. 

Once the reactanis' atoms have been separated, they may 
then combine in new ways lo form products. In terms of 
c^^cfgy> these recombinations ate the reverse of atom separa- 
tion. The separating of atoms absorbs (takes in) energy. The 
combining of atoms relcjase^ energy. Figure 6 illustrates the 
total reaction process. ^ 



Figure 6 




RMetant atoms 

combined. 



Energy 
addod. 



Reactant atoms 
separated. 



Atoms recombined^ 
as new product. 



Temperature changes frequently occur as a result of a 
chemical change. These changes result from the absorption 
and release of heat by the reaqtants. 

✓ 

□8, In which of the following reactions do you predict the 
temperature of the surroundings will increase? will de- 
crease? 

Rtaction A; The heat needed to separate the reactant atoms 
is greater than, the heat released when those ^oms recom- 
binc to form products. - ' ^ 

ReactimtP: The heat needed to separate the reactant atoms 
is less Than the heat released when those atoms recombine 
to form products. 



5. The temperature of the surroundings will 
decrease In Reaction A, increase in Reaction 
B. It is hot important for the student to know, 
but A la an endothermic (heat in) reaction and 
B la an exothermic (heat out) re^tioh. 
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□6. Suppose a chemical reaction rcsulicd in no change in 
the temperature of its surroundings. What would you predict 
about (he energy absorbed and relea,scd by the reacting 
atoms? V a 



You should be aware of another ifpportant characteristic 
of chemical reactions — their rate. The rafe of a chemical 
change refers to how fast the rcactiorHoccurs, Some reactions 
occur so rapidly and violently that we refer to their rate as 
''explosive." Some reactions occur at a rapid but steady rate. 
And some refections are very slow indeed. 



Figure 7 






REACTION 

I 



i 



There Are many important Implications of 
ttfese factors tti«t affect rate of reaction. 
Specifically. Chapters 3. 7, and 8 are dlrecthr 
concerned with concentration (of microorga- 
nisms and people) and Chapters 5 and 8 wHh 
tsmperature (of air and water). 
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Most of the chemical reactions you witness from day to 
day vary from slow to reasonably rapid. Very few are ex- 
plosive. The slow^ and rapid reactions can^be speeded up; 
however. There are three ways of doing this. 

1. Increase the temperature of the rqactarfts. (It is reasoned 
that increasing the temperature speeds up the addition 
of the energy needed to overcome 1h? iqrcts holding 
reactant atoms together.) v.. 

2. Increase the concentration of one or more of the fe- 
actants. (Increasing concentration is thought to bring 
more reactant atoms together faster, thus making reac- 
tions occur more^ quickly.) 

3. Add a catalyst. (A catalyst is a chemical that, even in 
very small amounts, speeds up a feaction. The precise 
reasons for its effects are not known.) 

Items I and 2 will be the most importatit of the three to 
remember for your work in this unit 
Now return to your work in the chapter. 
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COUIPMENT LIST 
Non« 



Bounty Hunters 



To investigate possible results of man s 
attempt to affect the relationships between 
organisms for his own t>enefit. 

Excursion 2-2 



Tbla is • general interest exqurslon 



MAJOR POINTS 

1. H *« poeslble that coyotes do more good 
then harm In keeping other organisms under ^ 
control. 

2. Extensive study must be done before an 
Intelligent decision can be made on control- 
ling the environment. 



"Wanted— Dead or Alive." Such signS are t6 be found 
throughout the United States. However, they no longer apply 
to outlaws. Inst^ead, rhey are aimed "at certain animals that f 
some nicn believe shiould be eliminated, these include such ' 
animak as wolves, coyotes, hawks, and mountain lions. Be- 
cause these predators sometimes feed upon man's livestock, \ 
they have a "price on their head" in many states. Should 
these predators be killed? What happens when these animals 
arc eliminated? This excursion will help you answer these 
questions. 




The coyote is a common doglike animal that lives in parts 
of the region shown in Figure 1. 
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Figure 1 



This excurvion should not b« looked upon as 
an exercise ^n 'choosing up sides** between 
farmers and ranchers, and conservationists. 
The 'focus should be pn the Interaction of 
organisms (n their environment, and the 
difficulty In making intelligent decisions con- 
cerning problems of this naturv. 
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Once occupied by buflalo and sage hens, this region now 
rsiipports cattle and chickens. The coyote and some other 
carnivores (meat eaters) have shifted their feeding habits to 
include the new domestic jorganisms. farmers and ranchers 
claim that milhons of dollars worth of livestock are destroyed 
annually by coyotes. 

Supporters of the coyotes don't question the fact that they 
kill livestock. However, they suggest that the coyotes do more 
good than harm by eating large number^ of rodents. Pecause 
of this coyotes help keep the population of these smaller 
plant-eating animals under control. 

When rabbits or rodents are common, coyotes may not 
eat all of every one they kill. When rabbits or rodents arc 
scarce, however, coyotes usually consume all of each catch. 
It is estimated that a coyote eats about 125 cottontails and 
15 jackrabbits a year. The coyote may indeed save grass for 
the rancher's animals, because each rabbit would otherwise 
be cftting the grass that cattle or sheep might eat. 
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Some estimates comparing the amount of plant material ^ 
eaten by rabbits, cdws, and sheep are shown in Table I. 






Number of Rabbits ii Takes 




to Eat ai Much as; 




One co^v 


One sheep 


Jackrabbits 


75 - 


15 


Cottontails 


250 


50 



Tabl« 1 



□l. How Tmany tfows could be fed on the grass that each 
coyote saves when he eats ^is year's diet of cottontails? his 
year's diet of jackrabbits? ^ 



Suppose a region has a popula,tjilbn of ^5,000 coyotes and 
an ample supply of rabbits. 



02. How many cottontails would 25,000 coyotes eat 
ally? How many jackrabbits? 



annu- 



□3. How many additional sheep could graze on the grass 
saved by the coyote? (Assume only sheep are raised in the 
region.) 

Q4. If only cattle were raised in the region, how many addi- 
tional coivs cbuld bf fed Jby the grass saved by the coyotes? 



1. 5ach coyote eats 126 cottontails per year. 
The 125 cottontails would eat as much as \ 
a cow would eat (2 coyotes would eat 
enough cottontails 'to "support" one cow). 
Each ooyote also eats 15 jackrabbits per year. 
The 19 jackrabbits eat as much as ^ of a cow 
would eat (5 coyotes would eat enough jack- 
rabbits to "support" one cow). 



2. 25,000 coyotes would eat 3.1 25.000 cotton- 
tails and 375.000 jackrabbits -per year. 



3. 3.125,000 cottontails would eat sis much as 
62.500 sheep, and 376.000 jackrabbits would 
eat as much as 25.000 sheep. The grass 
savfd by 25.000 coyotes oould feed a total of 
87,500 additional sheep, 

4. 17.500 additional cows could be fed by the 
grass saved by the 25.000 coyotes. 



Coyotes do -a good job of conlrOlUng the population of 
rabbits and rodents. Without the coyote^ these populations 
would be likely to increase at a high ra<b^ 



How would such an increase aflect the amount of graz- 
ing land needed to nourish a cow? 

128 
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6. The 56.000 coyotes could aave rnnchers 
$437,600. 



Answers to questions 7 and 8 will vary. The 
student should be able to come up with his 
own. CiQacJu&U:ina. Economiculty, additional 
Information on the value of livestock killed by 
coyotes would have to be available before a 
decision could be made. However, there are 
other considerations besides the" economic 
ones. 



1 

LJ6- Suppose il cosis about S25 per cow each year lo provide 
graxing.iHox^' much money could 25,0(X) coyoles save ranch- 
ers cach^ear for the catilc in the region being studied? 

Of course, this is only pari of the story. If rabbit and rodent ♦ 
populations are very small, a coyote may eat chickens and 
an occasional calf or sheep. They may also eat insects, ber- 
ries, prickly pears, and even mud! 

□7. Write in your Record Book your conclusions concerning 
the good and bad points of coyote control. 

□8. What additional information would you like to haVe 
before you can decide whether bounties should be paid for 
dead coyotes or whether it \fhould be made illegal to kill 
coyotes? 
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EQUIPMENT LIST 
Non« 



A Drink of the Nile 



PURPOSE 

To exartilne our source and use of water and 
to rm\n0 ^^uestlons on the conservation of this 
natural rtSQurce. 



Excursion 3-1 



I 



i 



■.)■ A 



This la • general Inteijlsst excursion on the 
ifHport»nt subject of the water cycle. 



Some of the water in your last drink may once have been 
part of the NHe River. As impossible as it may sound at first, 
it makes sense when you look at^the never-ending movement 
of water Figure 1 shows the so-called water cycle. The im- 
portant thing \o observe is that the water is used over and 
over again. V 

Notice that water f|Ils to earthr?as precipitation (rain, snow, 
sleet, hail, etc.). 

i. . 

□l- Once having fallen to earth, where might water go? 
□2. How docs surface water get back into the air? 



MAJOR POINTS 

1, The replanishment of surface water by 
precipitation Is not uniformly distributed 
across th« country. 

2. Many factors affect the availability of water 
in a given region. 

3, Three major uses of water are domestic^ 
agricultural, and IndMStrlal. 

4. The demand for vyater Is Increasing at a 
rapid rate. 



Figure 1 




Groundwiiter flows to ocean 



t3D 



Look closely al Figure 2 and you will sec !hn( precipilation 
does not occur evenly in the United States.- 



Prtclpltntion k«y (millions of IHer« per dny per square kilometer)" 




Figure 2 



4. The Pacific Nortfiwest 

5. The Death Valley area In the Southwest 
receives the least rainfall. 

6. Accept any answer. thtTStudent would not 
be expected to know that these large differ- 
ences result mainly from top09raphic (moun- 
tain) interference with the flow of wind over 
the surface of the earth. 



□3, According to Figure 2, what is the approximate average 
precipitation where you Uvd? 

□4. What sections of the country receive the greatest pre- 
cipitation? 

□5, What sections of the country receive the least precipi- 
tatidn?x 

□S.^JIpw do you explain the large differences in pre^ipi-^ 
tation? 
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The amount of precipitation is not the only factor that 
affects the amount of water available in a given region of 
the country. Climate, soil types, amount of runoff into the 
se3, and p6pu!ation also have their effects. As a result, some 
areas have A surplus of water, while others have a water 
deficiency. The effect of humans on the supply of water is 
a serious one. 



Jus( how much waicr do people use daily? Table I shows 
(he average amount of water used in some everyday activities. 



TabI* 1 



AVERAGE DOMESTIC (HOME) WATER 
USE IN THE UNITED STATES 



Purpose 


Amount 
(liters per person per day) 


Flushing toilets 


78 


Washing and bathing 


70 


Kitchen use 


II 


Drinking water 


10 


taundry 


8 


General household cleansing 


6 


Gardening * 


i 6 


Washing the car 


[ 2 



It is pointed out beiow that Iho use of water 
by the public Includes more than is shown in 
this table. If these figures are totalled, they 
amount to 191 liters per person pe^ day. But 
this only represents some daily activities. If alt 
public use is included (that -is, all use other 
than industrial and agricultural) the figure is 
about 675 liters per person per day. 



f 



□7- How much water do you estimate that you use daily? 




If all the water used in a day in the United States were 
divided up among the people, each person would use about 
575 liters. The use of such large quantities of water is mainly 
the result of industrial and agricultural demands. And these 
denrands continue to increase. 

What is the total average daity domestic water use 
in the United St&tes? (Assume a U.S. population of 
210,000,000.) , > 
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Table 2 shows how the demand for water has increased 
in the United Slates this century. 

Taw* 2 



AVERAGE DAILY WATtR VSt IN) 7HC UNITED STATES 





1 Ypc o(" Use (billion liters per day) 


Year 


Domcslic 


Agriculture 


Industry and Steam 
ElccHic Utilities 


Total Water 
Use 


1900 


19 


.76. 


.57 


. 152 


1920 


32 


212 


103 


347 


1940 


- 50 


269 


198 


517 


I960 


106 


510 


605 


1,221 


1980* 


127 


673 


1,046 


1,846 



'^Estimated \^ 



^/ DS. According to the d^ta in Table 2, what trend is evident 
in water usage? ^ 

niO. What activity used the most water in 1900? in 1960? 

□11. Which category in Table 2 has Increased its demand 
for water the most? 

Today alhiost twice as many people live in the United 
States as did in 1920. 

□12. How does the increase in water use relate to the in- 
crease in population during this century? 

The demand for water will certainly continue to increase. 
This increasing need raises many serious questions. Will 
there be enough water available to supply a growing popula- 
tion? What can be done to conserve our present water sup- 
plies? How can we find new ones? Can water be redistributed 
so that it is available where most of the people live? Will 
it be possible to desalt ocean water cheaply? Can polluted 
water be made usable again? These are just a few of the 
questions that you and your classmates will face and pehaps 
help to answer during your lifetime. 



10. In 1900. agriculture u5od the most. In 
1960, industry was the blygest user. 

11. Industry has Increased its demand the 
most, both in numbers (548) and In percent 
(1061%). 

1 2. The increase in water use is much greater 
than the Increase In population. While the 
population doubled, domestic use has In- 
creased almost 4 times, agricultural almost 3 
times, and industrial about 8 times since 1920. 
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EQUIPMENT LIST 

All th« germinated aeods from [t}Q control 

dl»h«d In Chapter 4 
Sow mixture 
1 hand lens 

1 mHllmeter ruler 

2 on*-qu«rt milk cartons 

6 teaspoons of powdered or Ifquld detergent 

3 planting containers 



2 paper towels 

1 rubber band 



Clean Vegetables? 



PURPOiSE 

To Investigate the effect of watering healthy 
plants with detergent solution. 



Excursion 4-1 



This la, a general excursion. 



Suppose you planted some healthy seedlings in soil. And 
suppose you watered them with weder containing detergents. 
What cfTcct do you think this treatment would have on the 
growth of the plants? This excursion will help you answer 
this question. You will need the materials listed below, (Your 
teacher may allow you to take your materials home for this 
investigation. If so, take only those items you know you don't 
already have at home. If you do yqur work at school, skip 
Activity 2. Remember to water and observe your plants each 
day during the weekends.) 



20 radish seeds (or all of 
those that germinated 
in the control dish 
from Chapter 4) 

Soil mixture (Obtain as 
needed.) 
1 hand lens 

1 millimeter ruler 

2 one-quart milk ^ 
' cartons or bottles 



5 level teaspoons of 

powdered or liquid 

detergent 
3 planting containers ^ 
(cans, halves of milk 

cartons, or styrofoam 

cups) 
2 paper towels 
I rubber band 



MAJOR POINTS 

1- Various methods can be used for measur- 
ing plant growth 

2. Variables that can aTteci plant growth must 
be controlled In the Investigation 

3. Detergents affect radish growth In propor- 
tion to their concentration. 



The student should be aware that this excur- 
sion will require 7 consecutive days. Note that 
Activities 1 and 2 must be done prior to 
moving the planfS If the investigation is to be 
completed at home. If done in school. th# 
seedlings need only to be removed from the 
dishes before continuing with Activity 3. In 
that case, fhe 2 paper towels and the rubber 
band will not be needed, a 



ACTIVITY 1, Remove the filter paper and seedlings from the 
two control petrl dishes of Chapter 4. Rearrange. the seedlings 
eo that their roots are parallel. Lay another piece of paper 
towel on top of the seedlings. 



vermlcullte 



ACTIVITY 2. Gently roll the paper Into a cylinder. To prevent 
breakage, be sure the cylinder axis it parallel to the seedling 
roots. Wrap another paper towel arouhd the cylinder, and 
secure it with a rubber band. Your seedlings will now be 
protected for their trip home* 



Seedllngt 



\) \j \) 




Axl* 



ACTIVITY 3. Fill three container* (cant, cartons, or cup*) 
about 3/4 full of^aoil mixture (soil and sand, or soli and 
vermiculite). Isabel the containers "A," "B," and "C." 






ACTIVITY 4. Punch holes in the soil with a pencll^aKing 
an equ^ number (about 6) in each container. 



ACTIVITY 5. Plan! on« seedling at a Hme, Place It root down- 
ward In the hoLe and push dirt In around It- Do this gently 
•o a« not to damage the root. Gently press the dirt around 
the root. Repeat this procedure for each pjant. Plant 6 plants 
In Mch container. 

ACTIVITY 6. Put one level teaspoon of powdered or liquid 
d«t«f^enl Into a quart of water. Stir the solution gently but 
thoroughly. Li^bel the container "Detergent Solution A." 



ACTIVITY 7. Put lo\jr level teaspoons of powdered or liquid 
<tot*roent Into the second quart of water. Mix thoroughly. 
LjiI>«I thft^ntainer^'beterg^nt Solution B." 




0ns levfl^ teaspoon 
of powdsred or 
liquid detergent 



Four level 
teaspoonfuls 
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A good qu*f Hon for th« student to ask himsslf 
Is, "Wh«t lire sM th^ (actors that could affect 
plant growth? ' These aiust all be controlled 
(kept constant)^ except the liquid that Is 
added to the soil. 



Tabl# 1 



You arc now ready to begin your investigation. You should 
f)lan to water the plants each day for several days. Follow 
the instructions in the next two activities. Keep the plants 
hi a wcll-lighlcd place but not in direct sunlight. Be sure 
all get the same amount of light and heat. 

You will need to determine your own method of measuring 
the growth of the seedlings. One measure can be of the 
plant's height. Record in Table 1 the average height for the 
group of, seedlings in each container. Do this each day for 
7 days. You can itlso check the root growth to see how thci 
plant is doing. " 







Avcraoc 
Height -of 
Seedlings 


Conditon 
of Roots 


■ -7" 

Additional Observations 


1 day After 
planting 


Container A 








Container B 








Container C 








2 days after 
planting 


Coniaihcr A 




— ' ' 'X' W"' 
/ \ ^ 




Container B 




/ \ 




V uniaincr ^ 






^ — ^ ^ — . 


3 days after 
planting 


Container A 


c-i — 






Container B 








Container C 


. — ^ u 






4 days after 
planting 


Container A ' 




\ ■/ 




Container B 








Container C 








5 d^ys after 
planting c 


Container A 






I'll 1 'i 


Container B 




r \ 




Container C 








6 days after 
plantina 


Container A ^ 








' Container B 








Container C 








7 dps aOcr 
planting 


Conthincr A 








Contiiiner IB 


. . I? ■ - • 








Container C 









^37 



ACTIVITY 8. Each <<ny. aft^r making your observations, water 
lh# plants. Plants In container A receive enough of solution 
A to soak the soil, T^hose in B receive the same amount of 
solution B. The plant* should not be standing in water. Pour 
off any excess. 

e 

ACTIVITY 9. Rinse the glass before adding enough tap water 
to container C to soak the soil. 





ACTIVITY 10. On tlje third day, use a spoon to carefully uproot 
one eeedllng from each container to examine Its roots. Try 
to select the healthiest pl^nt from each container. Gently 
rfffhove any soil clinging to the roots by dipping the roots Into 
watery 




ACTIVITY 1 1 . Lay the uprooted seedlings on a labeled sheet 
of p9per. Examine them closely with a hand lens. Compare 
the roots and describe them in Table 1. You may then discard 
ttie uprooted seedlings. 
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3 Th« student has seen an effect of dtter- 
pent solutions op fleriVvination ind on gnowiti 
di radish seeds there is no basis' for a pre- 
diction i^bout Other seedllnQs. Accept any 
predictions. It Is possible that soixie seedtlnos 
might be ' detergent-tolerant. ' similar to the 
way som# plants salt-toterant. 



J 



Repeal Activiiicj. 10 nnd 1 1 after two more days', and again 
after two addhional djiys. uprooting one more seedling from 
each container each time. Record the results in Tabic I. 

i 

□ l. How do diflerent concentrations of detergent aflTcct the 
plant development? (Record your conclusions about the in- 
vestigation in your Record Book.) 

□2. In what way, if any. does your investigation suggest ypo 
should Qhtmge ycVtir an^er to question 4-6 in Chapter 4f 

□3. Do you predict that the detergent solutions would have 
the same effect on other scj^ings? Explain your answer; 
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EQUIPMENT LIST 



PURPOSE 

To 5how some cousos and effects of woathor 
conditions on tilr pollution. 



MAJOR POINTS 

I. Air pollution, when coupled wit>i certain 
weather conditions, can seriously affoci hvinq 
<*nd nonliving (hmgs 



Smoggy London Town Excursion 6-1 



ThI. axcuralon is for general interest and en- 
richment. There Is a good tie-in w<ih the unit 
on mateorology. -winds and Weather 
the discujslon of temperature inversions 



m 



December 3. 1952, ^vas a beautiful clear day in London. The 
weather foreca.stcrs reported that a cold front had passed 
during the ntght. At noon, the temperature reached 6°C The 

Idhlf ^ '""f '''' A cold 

w nd b ew in from the North Sea. Blowing southward across 
an England, u pushed smoke fronMactories ahead of it 

Ort December 4, the wind speed le.ssened. Several low 
aycrs of dark-gray clouds almost covered the sky. The noon 
emperature was 4;C and the air more moist. The smell of 
.smoke penetrated tnto buildings as doors and windows were 

aTrLT^t " ^^'^ ^'--s --g^ ^-a?:^ 

away the smoke pouring from the chimneys 

ani^K^'^V''^ rollowing day, the temperature was [°C 

.rvfn / ^'L r^ ""''^ ^^^^^"^^ ""^''^^ »^igJ^ humid- 

ity and cold tempenuure, a fog reduced visibility. Movement 

•n the ctty became difficult. Airplane flights were cancelled 



2 Frequently the air temperature decreases 
with an increase in altitude.. 

3 Normal mixing of the air carries the pollut- 
anta away from the earth's surface 

4. Under certain conditions there (s a layer of 

wnrmer afr at a higher altitude. This is called 

a temperature Inversion 

5^ An inversion can hold pollutants close to 

the surface of the earth. 

6^ Advancing cold fronts are a major cause 

of temperature Inversions 

7. When temperature inversions occur over 

densely populated or Industrial regions smoo 

»s likely to form. ^ 




Certain area« on the W«st Coast are bothered 
by smog. Automobiles and industrial installa- 
tiona dump pollutants Into the air. mountain 
range can keep the prevailing wind from 
blowing theao products away, and if the oir 
cannot escape the surface, sipog often forms. 
Around the large Industrial centers in the East 
the condllloo can occur without a moainlain 
range,^if the wind Is slight and an Inversion 
traps the .oontanxinated air close to the 
ground. 

The rale at Whlch^lcmp«ratur<» changes with 
elevation fa called Ihd lapse rate. The so- 
callad average, or normal, lapse rate Is about 
0 OOe^'C per ^neter. This would be about 1**C 
per^ t50 meters, which is the altitude Interval 
In nctbie 1. As can be seen from the table, the 
decrease per 150 m varies Uon\ 1**C to 6^C, 
and between 150 m to 2100 m altitude 
(1950 m) the temperature hai(^ dropped from 
26^C to or 37^ The average lapse 

rate from Table 1 would thus^be about 
0.019°C per meter, or atx)ut 3 times as great 
as the normal. This would be called a steep 
lapse rate. 

\ 



a breeze^ 



Very few people iried to drive. Even walkingwas hazaroous. 
The wet, quiet fog that covered the countrysiue was toiidcd 
with smoke and soot particles, London was the capyvc of 
a great smog—a mixture of smoke and fog. These conditions 
existed from December 5 to December 9. 

There was no escaping the 'polluted air. It en pt into every 
room. It irritated eyes and skin, and brought on Severe 
coughfhg for thousands. Hospitals were jammed with acoplc. 
During the five days of the fog and in the weel^ .following, 
about 4,000 more people than usual died from hing [condi- 
tions worsened by thfe smog. 

On December 9, fresh air began blowing in from th^southv^' 
On December 10, the smog was pushed away 
coming from the north Atlantic, 

The smog crisis in London in 1952jS-an^xtreme example 
of similar conditions that now, exist almost daily in many 
large cities and industrial towns of the United Stitcs- 

These air-pollution conditions resiilt from a combination 
W weather conditions and ;.man's output of pollutants into 
the atmosphere. But how does this combination take place? 
Perhaps you knov? some of the answers already. 

Table 1 provides data on air temperature talcen by a 
weather balloon at different altitudes. Use th^ grid in Fmifc 
1 in your Record Book to graph the data from the tabl 

Ta^to 1 




^ : Altitude 
(meters) 


Temperature 

("9 


Altitude 
(meters) 


Temperature 

(°c> 


150^ 


25 


1200 , 




300 


23 


1350 


2 


450 


21 


1500 


T 

0 


600 . 


20 


. 1650 


-3 ' 


750 


16 


1800 


-5 


900 


11 . 


195Q 


-9 


1050 


9 


2100 


-12 
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25 -20 



( 



-15 -10 -5 'o 
Temperature ("C) 



10 



15 



20 



□l- What relationship between altitude and temperature is 
shown by the graph of the data from Table I? 

Frequently, the temperature of air at the surface of the 
earth is warmer than the air high above the earth. 

You may know already that warm air is less dense 'than 
cold air. Because of this, warm air is forced upward. Or to 
3ay it another way: the mass of a volume of warm air is 
less than the mass of the same volume of cooler air. 

Because it is denser than warm air, cold air falls toward 
the earth. This pushes the warmer air up. Under these condi 
tions, the verticalC(up-and-down) mixing of the air keeps the 
atmospher6sUrrecnip, When smoke and other pollutants are 
poured into the air, they rise on these air currents to a dis- 
tance far above normal breathing heights. 



25 30 

Figure 1 



1, Temperature decreases a$ altitude in- 
creases. 






V 



Why did ihe pollutants in the London air slay near the 
ground for those five days? Something must have slopped 
the vertical air motions just described. Let's see what the 
difTerent conditions were like. 

From the description at the beginning of this. excursion 
(you may want to read that part again) you learned that the 
first weather change in the London crisis was the advance 
of a mass of cold air over the city. This is called a cold front. 
Figure 3 illustrates what normally happens when colder air 
moves into a region of warm air. Warm air is liAed up and 
over the colder Air. - 




Figure 3 



Note that the second graph is drawn on 
Figure 1. where thf^ first graph was drawn. 
You may want to suggest using a different- 
colored line« or a different kind of line, so that 
the. two graphs can t>e differentiated. 

3. The most probable answer is that ttie 
second graph has a ^harp t>end In It, whjfe 
the first one does not. 
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□2, Why d6es the advancing colder air lift the warmer air? 

When a cold front moves into an area, the dense cold air 
pushes the less dense warm air upward. Soon a cold air mass 
lies beneath a warm one. This condition i^ called a tempera^ 
ture inversion. Instead of decreasing with altitude, the tem- 
perature of the air first decrease^, then increases, with in- 
creasing height above the earth. 

Table 2 contains temperaitures like those you would 4ind 
in a temperature inversion after a cold front has passed n 
through. ' 

Graph the data in Table 2 on the grid of Figure 1 of your 
Record Book, alongside your first graph. 

□3. How is this new graph different from the first one? 

distinct layerinfg Of air occurs, with the (Eldest air nea^est !; 
th^ ground/ See Figure 4. \ ^ \ 

' • ' *• ' 



It.. 



1, 



Allilude 
(roclcrs) 


TeMYpern.tiiTT 
CO 


AUinidc 
(meters) 


"F'cmpcraiiire 

CO 


150 




1200 


0 


• 300 


13 


1350 


-2 


450 


II 




-5 


600 


9 


\650 


-4 V 


■ 750 


7 


1800 


-2 


"^^"^^ 900 


5' - 


1950 


1 


1050 


3 


2100 


4 



•V, 

Table 2 



^ 1800 


/ 




Warmer air layer 




1500 




« e 
5 s 

'1 


Colder air layer 
t 


•> 

s 



J34. Predict how vertical mi*\ing of tl\c air would affect the 
layering of the air. ; 

□ 5. Suppose no wind is blowing during a temperature in- 
version. This means the air will be almost motionless. Where 
arc smoke and other air pollutants likely to collect during 
a temperature inversion? 

When the cold front passed over London in early Decern-^ 
bcr 1952, it produced a temperature inversion (hat prevented 
Vertical air mixing. Since there was no wind to blow the 
pollutants away, they remained in the colder air layer near 
the earth's surface. Thu.s, the pollutants begjui to collect in 
(he breathing space of man. ' ^ - % 

Assume that you are the Smog Control Director for 
London. Would you recommend that the thousands of factory 
ftimaces Jbe shut down whenever a cold front ai 

Why? 



Rguro 4 

4. Vertical mixing of air disrupts layering. So 
also. If air does not mix vertically, layering of 
air results. 
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Ow^anons ft Ihrouyh 10 SludonI rc^^xin^os 
A^^ouljg bo variod and unique Howovor, in 
rMponding and giving raasons. there are 
•rfyeral quoslions that the student should take 
into account. 

1. I» tho co«t ot the practice reasonable or 
prohibitive?. 

2. How much air poftutlon will be rtKiuced by 
this practice? 

^ Will Industry, commerce, and lat)or bo 
seriously hurt by the cost? pf the practice? 
4, Will the power requirement? necessary to 

^lOperate anti-alr-pollution devices t>e prohibi- 
tive? 

6. Would curtailment of transportation ser- 
vices or home heating adversely affect the 
safety of the population? 

e. What will be the effect OA nearby areas of 
reducing mr pollution by blowing It away? 

7. Can any particular practice be put ipto- * 
effect Immediately, or will It take a long^ time 

to accompnsh? 



C\7. Would YOU recommend thnt all moior vehicle traffic be 
prohibited whenever a colcl front approaches? Why? 

f^lS^^^'ou'd you recommend that artificial breezes be cre- 
ated over the entire city whenever the wind speed dropped 
to a near zero level? Why? 

□ 9. Wopld you f(frce London industry to remove solid pol- 
lutants from (jhimney gases before releasing the smoke into 
the air? Why? 

□10. Would you recommend that all home furnaces be 
turned ofl" whenever an air-pollution crisis occurs? Why? 

Disctjss your answers to questions 6 through 10 with other 
members of your class. 

You've seen that a cold front can Icad'to a temperature 
mversion. Is this the only way a temperature inversion can 
occur?' 

Figure 5 shows what happens when a \mrm front moves 
into an area. Notice th'^at as warmer air moves into a region 
of colder air, the leading edge of the front is forced upward: 



Figure 5 



12. Accept either answer. Students^ will 
probably havle Insufficient knowledge of 
meteorology to effectively compare the effects 
of cold and warm fronts on smog. The cold 
front Is generally considered the greater con- 
trlt)utor to smog. 

13. Either could cause an Inversion. t>ecause 
both iypes of fronts are found in lemperale 
areas. 
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□11. How can a warm front lead to a temperature inversion? 

□12. Would you predict that smog conditions would be 
worse as a result of a cold front, or of a warm front? 

ft 

□ 13. - Which type of front condition would be most likely 
ID result in a temperature inversion irj your owijj area? ' 

□ 14. Wrty are smog conditions less frequent in farming 
regions than in industrial centers? 



li5 



v4. 



BQUIPMeNT UST 
Nonm 



PURPOSE 

Yo •xamino the -effect of ovorcrowdino on 
population growth, based on mfco In 'open 
•no closed systems. 



The More the Merrier? Excursion 7-1 



ih\i in an •juonslpn ©xourslon that can 
provide help In understanding factors affect- 
ing population growth. ' 



ttons? There are at least two ways of tackling that question 
One way ,s observing people ,n bvercrowded conditions The 
other .s cxpenmenting with a simpler animal. One nray get 
^n^ of -things to expect in the behavior of crowded hunraL 
, by observing overcrowding in animals 

you w,ll learn about some experiments on crowding mice 

about how people react to overcrowding 

A fainous population ..tudy was done by Dr. John Emien 
at the Umversity of Wisconsin. Dr. EmIen studied a colony 
Pf m,ce that hved in some old buildings.. He conducted threfe 

each of these, judge whether or not good controls were used 



'Major points 

1, Food supply is an- Important factor In dod- 
ulatlon 9\ze. 

2, There seems to be arrelatlon lietween births 
mift and emigration in an open system with' 
a fixed food supply. 

3. In a closed syatem with fixed foWmipply 
birthrate Is Inhibited when a food shortaqe 
develops. 

4. With adequate food supply in a closed 
System, lack of space becomes a limiting 
factor in population growth. 

5- It might be possible for the student to 
aesign his own population study. 




Expfriment A 

r.r^^^^K^V'"^ Experiment A, 250 g^ms of food were 
provided for the mouse colony. The buildings in which the 
mice .ved were hot sealed. Thus, the mice could come and 
go as they chose. Because of this freedom, we will call it 

!L/^" TI'"" " '^^^ "'•^^ rt^ro,\uc^6 quite rapidly, and 
a|«rwr and larger pqpuhiti(in developed. ' 
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For a time» all Ihcsc **opcn syslcni" mice rcjnaincd in the 
buildings. As (he population increased, however, food be- 
came sciircc. 



1. S(nc« the number of, mict tncrea»^d nod 
the amount of food wa« constant, there wet 
I0t8 avaitat)le food per piouae 



2^ 



2;yWhen there is abundant food, the popula-' 
tlon will tend to Increase. When a food 
shortage d^jvelops. the size of the population 
must adjust In somv^ way. 
3, Yes. ff fX)\c4 can leave to find food else- 
wher<>, this leaves more food for those that 
remain. Thus the slle of the population can 
remain steady. ^ 




□l. What might have caused this food shortage to occur? 

When the number of mice becarne greater thar\ the 250 
grams of food per day'could support, some mice left the 
colony. Emlen found that the rate of emigration (mice Icav- 
inj5 the colony) was about the same fts the birthrate. 

□2. What does this experiment suggest about the effect of 
food supply on size of population? 

□3. Is the rate of emigration a controlling variable on size 



of population? Why? 



4. Emigration rate Increases when available 
food per mouse decreases. The evidence Is 
found in. Experiment A, (This ts an Inverse 
relationship,) 

5. Birthrate decreases when available food 
per mouse decreases. (This Is a direct 
relationship.) 



126 EXCURSION 7-1 



Experiment B ^ 

Dr. Emlen and his associates then performed a similar 
experiment, except that the mice were kept from emigrating. 
As before, the population increas'ed. In this case, however, 
when the food shortage developed, the birthrate went down. 
The population stopped increasing* 

□4. 'Based on the results of this experiment and Experiment 
A, how does food supply affect the rate of emigration? What 
evidence supports your answer? 

□5. What was the relationship between food supply and 
birthrate when emigration was prevented? 

Experiment C 

At third experiment was conduioted. As in Experiment B, 
emigration was prevente(^But this time a lot of food was 
provided. As the population increased, the space per mouse 
decreased. There was less and less space for nests. 



Hi 




ran^dH « ? ^^P,^""^^"^' ^^e number of mice increased 
rapidly at first until the mice became crowded. Then fighting 
and cannibalism shot up sharply. In addition, the f/males 
stopped taking proper care of their nests and their young 
The death rate among the young reached 100 percent The 
Oirthrate, however, remained high. 

□6- Summarize the effects of crowding on Emlen's mice. 
(p7: How was the size of the population kept in balancfe? 

Experiments similar to Emlen's have been done many 
times, usually with similar results. However, in some experi- 
ments, fighting and cannibalism did not exist. Instead the 
piouse population increased until it reached a maximum size 
men all reproduction stopped. 

In all these experiments, the size of the population reached 

Z Tt T i''^''''* ''''' <*^^PHe the fact 

Aat available food and space could have supported a much 
larger population. In some cases, the controlling variable-was 

a bir'atr '""^'-''^^ 

■"□a/ Can you suggest some reasons why these populatiortr 
became balanced by widely different means? ^ 

What variables might not have been carefully controlled 
m these two experiments? 

^ Well, you've seen that crowding affects mice in some 
dcfimtc ways. Some of these ways are listed below: 



I. The population leveled off well below the number of 
mice that the environment could support 
Either infant death rate was very high or there was a 
low birthrate. 

3. Vcfy unusual patterns of behavior in the mice became 
common. 



6. As crowdfhg Increases, fighting, cannibal- 
ism, and infant death rate Increase (These 
are direct relationships.) 

7. By the three means given In the answer to 
question 6 ^ 



8. The reasons that the students give should 
prove interesting. Possibly the ease of the 
solution Is a factor. For instance, if the system 
is open, It may be easier to leave than to fiqht 
or cannibalize. But if the system is closed a 
food shortage leads to a less dramatic control 
mechanism (decreased birthrate) than does 
overcrowding. The varying of the experimental 
conditions caus^ the differences 
9- Any of the variables listed might npt have 
been controlled. In addition, variables'such as 
temperature, humidity, and the possibility of 
a different strain of mice entering the open 
•eystem could be given. . ^ 
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What does this *h«ve to do \yith humans? |ha('s for you 
to decide. Think through lhc\e experiments very carefully, 
imagining humans hving in crowded city or ghetto condi- 
tions. 



10, It would aeem from the mice exp^rimeiits 
that overcrowdirvg can cause much rpore 
violent conditions than a food shortage can 
Unusual patterns of behavior could result with 
humans under similar clrqumstanoea. 



Note that the student plan for doing a popula- 
tion study calls for your approval. A study of 
this kind, properly done, could prove quite 
difficult and time-consuming You may wani 
lO consider this activity as optional. 



□ 10, If mice could be compared to humans, what do the mice 
experiments predict j^>ut human behavior under crowded 
conditions? (Record"^ your ideas in your Record Book.) 

Emlen's experiments may suggest a procedure for doing 
your 6wn population study. It can- be a very interesting 
undertaking, bulit takes careful planning, good experimental 
techniques, and much patiencje. Here are a fev/key question 
you must be fible to answer before you begin such ah investi- 
gation: 



1. What organismJiould it be convenient for me ti^ study? 
^ Should it be wIRcroorganism, an insect, a fish^ia snail, 

a bird. Or what? ^ , ||K >^ 

2. How can I care for a population of the orgaftisml 
choose? Can 1 study it in its natural environment? Or 
do 1 need to provide it with a new home?, What kind 
of food must 1 provide? - 

3. What variables do I want to investigate? 

4. How can 1 control the environrnent to study the effects 
of my variables? . . 

5. For how idng should I continue the investigation? 

6. How do I count the individuals within the population? 

7. What kind of records should 1 keep? 

There are many other que.<tions you can ask, of c6urse. , 
These are suggested to alfert you to be careful in your plan- 
ning. Think the problem all the way through before you start. 
When you have your, teacher's okay for your plan, you can 
begin. Keep a gopd record in your Record Book so tjhat you 
can report your findings to your teacher and classmates. 
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EOUfRMENT LIST 
Non« ^ 



ESqape irtlo Space 



PURPOSE 

To (ocu* attention of students on tho diWcur- 
tles of solving overpopulation by space travel. 



In this excursion you are appointed Director of ISCS (In 
this instance, ISCS stAnds for Into-Space Control Study ) Vou 
may invite one of your classmates to be a co-director since 
your new job is enormous. 

The world populaUon in the year 2000 is expected to ap- 
proach 7.5 billion people.-Some predict more than 20 billion 
people by the middle of the iwenty^first century If this does 
occur, there may not be sufficient food on Earth for man 
However many people believe this will present no problem 
rhcy believe space travel will provide an escape for man 
to other planets. 



MAJOR POINTS 

1 To t>« tiabitablo tor man. a location must 
hav« temperatures within the 0"C to 100°C 
range. 

2. To be tiabltable for man. a planet or antol- 
llte must have an atmosphere containing 
oVyQen 

ExcursiQo, 7-2 

3. Therd aro wr^pfahets or satellites In our 
dolar sx?tem known to have the two rOqui- 
altea foreman to live. 

4. Travel to the nearest star other than the ' 
sun would take a prohibitively long time at 
presently attainable speeds. 

5. Coat and other factors seem to make the 
task of solving the overpopulation problem by 
9pace travel Impossible. 



Thia Is a fairly rigorous excursion, for enrich 
ment. 



Your mission, should you accept it, will be to make plans 
and preparations for such tl-avel. Your first job'will be to 
handle the mail arriving from people w.ho want to find a 
new home away from Earth. 

As the new ISCS Director, you must write replies to the 
questions mailed to the Study by these people. Give each 
of these questions a brief, honest reply based on the infoVma- 
Uon you find ip Tables I, 2, and 3. And use your own l^st 
judgment. - ^ 

Questions- ! through 1 1 ^re taken from the lette?s. Answer 
each one carefully, and you will soon be an expert on space 
travel. ' - ^ ' 
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TRAVEL GUIDE FOR THE PlANlfTS 



Planet 


Average Distance 
from Sun 
, (miles) 


Rotation Period 
(Earth Units) 


Length of Ypar 
^ (Earth Units) ^ 


Diameter 
(miles) 


Mercury 


36,000.000 


59 days (approx.) 


. 88.0 days 


3,000 


. Venus 


67,000,000 


249 days (approx.) 


224.7 days 


7,600 


Earlh 


93,000,000 


23.9 hours 


365.3 days 


7,900 


Mars 


142.000,000 


24.6 hours 


687.0 days 


4,200 


Jupiter 

■* — 5 


486,000.000 


9,8 hours 


1 1.9 years 


89.000 


Saturn 


892.000,000 


10.2 hours 


29-5 years 


75,000 


Uranus 


1,800.000.000 


10.8 hours 


84.0 years 


30,006 


Ncplunc 


2,800,000,000 


15 hours 


164.8 years 


28,000 


Pluto 


.3,700,000,000 


6.4 days 


248.4 years 


3,600 , 



\ 



Table 2 





-~J — ■ 

Mass 
Relative 
to Earth 


-i 1 

Weight of 
130-15 person 


{ 

Composilion 
Of Atjnosphcrc 


Approximatflf 
Temperature 


Mcrcurv 


0.05 




cartMDn dioxide 


One side 321" 
Other Mdc —268" 


Vcnii5 


0.8! 


130 


nitrogen? carbon 
dioxidc» water 


Over 2W 


Earth 


1. 00 





nitrogen, oxygen, 
water, carbon 
dioxide, argon 


From -SI"" 
to 4-58** 


Mars 

4 ... 


0.1 1 


55 


' carbon dioxide, 
nitrogen? water 


^. 

Middav 2 1 
Sunset J- 18" 
Night ^34° 


Jupiter 


317.8 


380 

^ 160 ^ 


hydrogen, helium, 
methane, ammonia, 
water? neon? 


Average — 129** 


Saturn 


95.2 




Similar to Jupiter 


Avera^ge — 143"* 


Uranus 

♦ 


14.5 




hydrogen, helium, 
methane, ammonia? 
water? neon? 


Average — 184" 


' Neptune 

i 1 -r ^ : 


. 17.2 


- 210 


Similar to Uranus 


Average 194° 


Pluto 

f 


0.8 
(approx.) 


Unknown-- 


Unknown 


• 'Average -212" 


/ • 

• \ . ■ • " 
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TabI* 3 



TF^AVUL GUIDK ! OR IWE PLANET MOONS 






Known Satellites 


Average Distance 




Approximate 




(in order of distance) 


from Planet 


Orbilal Time 


Diameter 


Plnncl 


from planet) 


(niilcs) 


(tarth dnys) 


(miles) 


Mcrcurv 


None 








Venus 


None 










Moon 


240,000 


27.3 


2,200 


Mars 


Phobos 


5,800 


0,3 


< 




15,000 


1,3 


3 


Jupilcr 


V 


110,000 


0.5 


70 


1 (lo) 


260,000 


1,8 


2,000 




11 (Europa) 


420,000 


3,6* 


1.800 




III (Ganymede) 


670,000 


7,2 


3. ItXI 




IV (Callisto) 


1,200,000 


16.7 


2,800 




VI 


7.10<d.000 


251 


50 




vn 


7.300,000 


260 


20 




X 


7.400,000 


264 


10 




XII 


13.000.000 


631 


10 






r4 000 000 


692 


10 




vin 


14,600.00^ 


739 


10 




IX 


14,700,000 \ 


758 

r ... 


10 


Saium 1 


Janus 


_ ^ 

100.000 V 


0.8 


Unknown 


• 


Mimas 


120.000 


0.9 


30Q 




lPnrr)ndu<\ 


ISO 000 


1,4 


400 




Tclhys 


180,000 


\ 1,9 


630 




Dionc 


240,000 




550 




Rhea 


330,000 


^4.5 


950 




Titan 


760,000 


15.9 


3,000 




Hyperion ♦ 


* 920,000 


21.3 


100 




lapetus 


2,200,000 


79.3 


500 




Pho<ibc 


8,100,000 


550 


100 


Uranus 


Miranda 


77,000 


1.4 , 


' V 200 




Ariel 


120.000 


2.5 


^ 500 




Un\bricl 


170,000 . 


4.2 


350 




Titania J \ 


270,000 


8.7 


600^ 




^ Obcron^ " ' 

—4^ —A 


360,000 


13.5 


500 

t 


Neptune 


Triton 


220,000 


5.9^ 


' 2,300 


Nereid 


3,500,000 " 


359 


200 


Pluto 


None 









Us 



□1. My friends say it is (oo hot (a be closer than 50 million 
miJcs to the sun. They also say that u is too cold to be more 
than 150 million miles away from the sun. My doctor says 
I Should avoid extremes of cold and heat. Which planets (not 
Earth, for goodness sake!) could I move to? 

□2. I've seen how the astronauts carry their own oxygen 
around, I don't think I want to carry oxygen tanks on my 
back. Which planet should I go p .so that I won't need to 
carry my own oxygen? J 

□3. I can't get all my work cfone in 24 hours each day 
Which planet would give me thd longest day? 

□4, I told your ticket agent I would buy passage if he could 
send me to a place whose day is longer than its ^ear. He 
said he could, but he didn't say to what planet. Where is 
he sending me? 

□5. I am twenty years old and anxious to live on Mars. Your 
agent tells me I will have to change my age to Mars' years 
What is my Mars' age? 5. ,o.6 years 

By careful dieting I have kept my weight at 100 pounds. 
Your agent said I would be heavier on Jupiter. What will 
be my Jupiter weight? e 253 pounds 

□7. Which of all the planets, except Earth, has the most 

oxygen nV its air? 7. ^one with free oxyger, 

□8. I asked in my last letter how fast your spaceships are 
You rephcd that they could travel up to 25,000 mph How 
long will a take to get to Neptune? e. More than 100.000 hr. (4.170 

□9. My ticket is marked "To the land of twelve moops', one 
way only." To which planet will this ticket take me? 

□10. Why won't your ticket agent sell me a ticket to one 

of Mercury's moons? ,0. There «re none. 

□11. My husband wants to send me to Nereid on a separate 
vacation. How big is Nereid compared to Earth? 11. About ^ 
About how far is Nereid from the sun? Around 2.800.000.000 miles 
How far is N-ereid from Earth? Around 2.700.000.006 miles 

At a speed of 25,000 miles per hour, how long will my trip 
take, one way? At>oui 100,000 hours 

At ten cents per mile,, what is it going to cost me? 

About $27,000,000 



1. tio 



ne 



2. None 



3, Venus 




4. Venus 



// I \\ 
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After writing answers to these questions, you should be 
ready U) describe a phtnef or satelhte (hat Would be suitablc^ 
for human habitation. Here are two specifications for such 
a planet: 




12. Earth and Mars 
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1. To be habitable, any planet or satellite must have liquid 
water (not ice or water vapor alone). Let's assume that 
throughout the universe, water freezes at 0°C and vapor- 
izes at 100°C. Therefore, any planet we want to live on 
must have temperatures within this range. 

□12. Which planets have part-time temperatures within this 
range? ^ 

2. To be habitable, any planet or satellite must have enough 
gravity to hold gaSes so that there will be an atmosphere. 
Among these gases, there must be oxygen. Gases like 
methane and ammonia are poisonous to humans. 

r' 
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□13. Which planet, other than Earth, has oxygen in it«> 
atmosphere? 

With this information, you should see that yotir assignment 
cannot be carried out. There i^ no phice in our^solar system 
that wtll support populations of humans unless you provide 
them with an artificial environment. 

Wait! Don't close down your operations! Maybe you can 
send emigrants to phmets belonging to other sta^s. 

The nearest siAr (besides the Sun) is 4.3 light-years away 
You may remember that a light-year is the distance that 
would be traveled if your vehicle were moving at 186 000 
miles per second (the speed of light)"for One whole year. 
This distance ts about three and a half trillion miles. 

Since our present spaceships^avel about 6 miles/sec it 
would take 600 billion seconds to reach the nearest star That 
is about 20,000 years one way. 

□ 14. Do you believe moving people to other planetary sys- 
tems will be an answer to the world's population-explosion 
problems? 

Let's be very optimistic as we look at the problem from 
another standpoint. The vehicle that carries three Americans 
to the moon on each trip is called Apollo. Suppose Apollo 
could carry 100 people to one of the planets .foV the same 
cost as that 6f carrying three men to the moon. Assuming • 
no change in the growth rate, we would have to export about 
70,000,000 people per year in order to hold the present world 
population constant. 
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13 No other piano! has free oxygen 



Some better- students may realize that the 
spacecraft's speed of 6 miles per second Is 
close to th^ escape velocity from Earth orbit 
In frt^ space. v\yth a steady, small, additional 
applied forc«^ the speed would increase, and 
much higher rates would bo possible. 
Students may also have reatl -about-H^e dila- 
tion. According lo the theory of relativity, and 
suppoi^ed by experimental evidence, as a 
body travels faster and faster, approaching 
the speed of light, time pasfces slower and 
slower for the body Therefore, af these 
higher speeds, not only would the spacecraft 
get to the nearest star quicker, but the 
elapsed time for the occupants would be only 
a fraction of the factual time, 

14. This is arf^ opinion question, and the 
student answer will be influenced by his back- 
ground knowledge. On the basis of available 
data, the answer should be No. 
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16. More than 190.000 
16 Mort than 1900 

H^raio Mos the crux of tho situation Within 
the limitt of Known ^ciantifip laws and pr)nc>- 
plat, mankind con solva the technological 
problems of space travel If he Is willing to 
npehd the time, effort, and money But if the 
solution to a problem $uch aa- this requires 
such huge expenditures that there is nothing 
left for other necessities, it becomes quos- 
tlor>able whether or not It Is worth It 




□ 15. How many people would have to leave Earth daily? 

□ How many lOO-passcngcr spaceship? would have to 
leave Earth daily? 

The cost would exceei $300,000,000,000 daily, not counting 
any ^penscs involved in training the migrants or in pre- 
paring a new home for them. 

It appears that you will have, to resign your job. On the 
basis of what ypw know now, you can't move people to new 
homjes on some other planet. Your job is jmpossible. If your 
boss doesn't beheve .your job is impossible, ask him to take 
thivS excursion. If you don't know who your boss is, how did 



you get appointed^as Director of ISCS? 




1 
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EQUIPMENT LIST 
Norm 



PURPOSE 



To focus student attention on tactorg affecting 
human populallon growth. 



Birthday Control 



Excursion 7-3 



TW5 excursion l5 for enrichment. 



Some people believe there is only one way to avoid the bad 
environmental eflects of the human population explosion. 
They argue that the birthrate must be decreased to match 
the death rate. To accomplish this, they insi.y that parents 
njiust take responsibility for keeping their fafnilies small. 

Such suggestions are not well received by a number of 
the citizens of the United Stales. For example, some 40 
percent of United Stales adults believe an ideal family in- 
dudlcs four or more children. Is that too large a number if 
the birthrate is to n^iatch the death rate? This excursion will 
help you decide for y^mrsfili^ ^ 

Suppose there are fiv^e sets of parents. In each set there 
arc 12 adults (6 couples). See^l^igure 1. 



MAJOR POINTS 

1. 40% Of the a<jult8 In the U. S. believe an 
Ideal family Includes four or more children. 

2. More than 2 children per couple will 
Increase population 

3. Life expectancy has Increased dramatically 
since early man. 



Figure 1 




Set 4 



Set 5 



Suppose each set of couples has a different idea as to what 
is the best family size. 

Set I prefers having one child per couple. 
Set 2 prefers having two children per couple. 
Set 3 prefers having three children per couple. 
Set 4 prefers having four children per couple. 
Set 5 prefers having five children per couple. 
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, Assume that the children, grandchildren, and so on, of 
each sei of parents; agree wiih ihe original parents on an ideal 
family size. Using lablc^ I, calculate the size of the population 
that results from each set of parents for the next four genera^ 
tions. Assume that at the end of each generation, only the 
children of that generation are alive (all parents dead). Also, 
assume that each generation has about an equal number of 
men and women. 

If you come up with an odd number of people in any 
generation, consider the unpaired individual to be childless. 
Table 1 



POPUI-ATION CHANGES 



You probably will want to check Table 1 . as 
a number of ahdwers depend on lt» In addition 
to the graphs. For your information, the five 
lines should t>e filled In aa follows: 
1-12- 6^ 3- 1- 0 ^ 

2 - 12 - 12 - 12 - 12 12 \ 

3 - 12 - 18 - 27 ^ 39 ~ 57 / 

4 - 12 24 - 48 ^ 96-192 

5 - 12 30 - 75 185 ~ 460 

You may want to suggest that students use 
different-colored lines or different kinds of 
lines for the fiye graphs. 



Parent 
Set 


Generation 


Parent 


2nd 


3rd 


4th 


5th 


I 


12 










2 


12 


\ 








3 


12 






" — 1 






12 










5 


12 











□l. Which of ^he parent^ets wftj^produce an increasing 
population? 

□2/ Which of the parent sets will produce a population of 
steady size? 

. ^ (/ 

□3. Which of the parent sets will^produce a decreasing 
population? 

Graph the information from Table 1 in Figure 2 of your 
Record Book. Draw a separate line or curve for each parent 
set. Label each. 



4. the curve for set 5 should most nearly 
reseml)le thp world population curve. 
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□4. Which of the cur\^es in Figure 2 resembles the world 
population curve you drew in Figure 7-1 of Chapter 7? 

Suppose you agrie whh those who argue that the birthrate 
must not exceed the death rate. ' 



59 



□ 5. Based on Table I, what number of children would you 
recommend for each family'.' 

□ 6. WJ^fftj etfecis would unexpected mcrcases in the death 
rate have if this method of birlh control were used? 

Figure 2 

Do you believe it would really make any dinercncc if there 
were a reduction in family size m the United States? Study 
Figure 3 to find the answer. 

FIgur* 3 

300 



• I ' ' I 

Population eslimaled by U,S, Census Bureau, 
based on currenl Irends 



ai 225 




Population if families^ have no more 
than two children ea^ 



1975 



1980 



1985 
Year 



1990 



1995 



2000 



□7, If present trends continue, what will the United States 
population be in the year 2000? 

□8. If, beginning in 1970, families were to have no more 
than two children each, what would the United States popu^ 
lation be in the year 2000? 

□9- What is the diflTerence (in millions of people) between 
your answers to questions 7 and 8? 

The assumption you made earlier about all parents dying, 
is of course not true in the UnUed States. It is quite common 
for several generations (grandparents, parents, children/etc.) 
to be alive at th^ saiTie time. One reason for this is people 
arc living longer each generation. Study Table 3 to see what 
has been happening to life expectancy throughout history. 









600 




490 




400 




350 




300 


1 


250 








200 








150 








100 




50 



Parent 2nd 3rd 4th 5th 
Qeoe ration 



Note that because people are living longer, 
there would still be an increase in Jhe U. S. 
population with 2 children per couple. 
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l^cgion and 1 inio 


l/ife txpeclancY 


NcanJenluil Man 


29 


Classical Greece 


35 


Classical Rome 


32 


Ciigland. I4ih Ccniury 


38 


tnpland, I9lh Cenui;^ 


41 


Uniicd Stales, \900 


50 


United Slates. 1940 


61 ^ 


United Slates, 1970 


72 



11 Th^ trend would seem to Indicate a life 
expectancy of more than 83 by th'e year 2000 
That would be an increase of more than 1 1 
In 3t) years, or more than from 1940 to 1970, 
ll IS rather Interesting to note that a graph of 
these data can give a very distorted predic- 
tion Except for the drop in the cas^ of Classi- 
cal Rome, the curve looks very much like the 
world population curve, and an extrapolation 
seems to indicate that very shortly life ex- 
pectancy will be infinite (man will live forever) 
Incjd^tally. the way question 1 1 is asked may 
lead to some confusion. A child born in the 
year 2000 will be living (barring unforeseen 
circumstances) in the second half of the 21st 
century, and life expectancy may be higher 
still. 



Table 3 

□ 10. What reasons can you give for the increasing life span 
of humans? 

□ 11. Based upon the trend in Table 3, what do you predict 
will be the life expectancy for a child born in the year 2000? 

Well, there are more and more people, and iHeir individual 
life-spans are increasing. 

□ 12. What do you see as the strongest reasons for birth 
control? 

□ 13, What do you think are the strongest reasons against 
birth control? 

. Discuss your answers to questions 12 and 13 with some 
of your classmates. ^ 
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EQUIPMENT LIST * 

Thl« excuralon Is for enrichment and oonorni 
Interast. 



Ssh! You're Polluting 
the Environment 

PURPOSE 

To provide background on the causes, meas- 
urement, and effect*^ of sound on humans. 



"My, but ifs quier is the kind of comment that people who 
leave a city or town often make_ Noise is so much a part 
of our environment that we tend to'ignorc it— unless it's very 
loud or when it^s not there. Stop reading and listen for a^ 
few moments. Yours is a quiet classroom if you don't hear 
a dozen ot more different kinds of sounds within a few 
minutes. 

All noise is sound, but is all sound noise? Different people 
probably define noise differently. The next question is a 
tough one. But'^try to answer it now. If you can't, read ahead 
and come back to i.t when you have enough information. 



MAJOR POINTS 

1- Noise can bo deflped operatlorially. 

2. The loudness of sound is moasuroc^ Jn 
decibels 

3. The higher the froquepcy. tho higher 
pitched the sound Is. 

Excursion 8-1 



4. Tj»o loud a sound can cause deafness. 

5. The average hearing ability of people is 
defined as "standard." 

e. Hearing loss is measured by the amount In 
declt>els above standard a sound must be for 
a person to hear It. 

7, Loes In hearihg cah result from being In a 
nolay environment for a long time.' 

8, Hearing loss generally increase? with age. 

9, Automobiles and trucKs are probably the 
gyatest of all nol^e polluters. 

B^ThQ operational' definition will depend on 
the descriptive definition that is used for 
noisB. Generally, it is considered to be a loud, 
confused, or disturbing sognd of any kind. In- 
physics, the emphasis is on irregularity, and 
noise may be considered simply unwanted , 
sound. Aft^r the student has read ahead (if 
necessary), he should be able to operationally 
define noise as the maximum reading in 
decll>els on a sound-meter at some specified 
distance from Ihe source. 




□ l- Write an operational definition for noise. (Remember 
to tcl! how to tell when noise is present or, better still, how 
to melisure t!je amount of noise.) 
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The brighter student may wonder about the 
sound unit "decibel." It was named after 
Alexander Graham Bell, inventor of the tele- 
phono The be! is a measure of the power 
ratio of a sound wave, and the decibel is one 
tenth of a bel 

Tabl« 1 



Hxtrefiielv loud sounds, such as explosions, can cause 
dearncss. Bui most people never hear sounds thai loud. In 
order to see the iMVcct of more common and less loud sounds, 
you need to know how sound is measured. 

The loudness of sound is measured in decibels. Zero on 
ihc decibel scale is ihe quietest sound thai can be he^rd by 
the best ears. Table 1 shows the decibel value for some 
common sounds. ^ 



Category 
of Sound " 


Loudness 
on Dcci- 
bcl Scale 


1 

V 

Type of Noise 


1 hrcshold of 
Hearing 


0-10 


Rustling Ic&vcs. Light breathing. 


Faint 


10-25 


Whisper at two meters. Qufct office. Empty movie 
house- Quiet neighborhood at night. 


Moderate 


25-50 


Suburban playground. Restaurant. Average fivfng 
. room. People talking. 


Loud 


50-70 


City playground. Vacuum cleaner. Noisy offi^- 
Average traflidb 


Vcr)' loud 


70-90 


' ~ ' ■ "* " — ■ — • — ■■ ■ ' 

Portable sandcr. Food blender. Noisy parly. Power 
lawn mower. City traffic. Garbage disposal. 


Deafening 

^-^ • 


90-115 r 


r Rock band. Loud'lnotorcycle. Car horn at one meter. 
Airplane propeller at takeoff. Jackhammer, Foot of 
large waterfall. Subway train. 


Phinful to 
car 


J15-13Q 


^- Thunderclap. Diyant rocket. Siren at two meters. Jet 
engine revving foic takcoflt 


Eardrum 
breaks 


130 or ^ 
more 


Jet plane taking off. Rocket engint at close range, 
E:j^plosions. Large weapons (cannons, machine guns, 
etc.). ^ ;v ^ " 



2- It wJM be Interesting to note the rating 02, According lo Table 1, your classroom has about what 

students give Do they consider the sound dccibd Icvcl? 
moderate, loud, or even very loud? 

As you may know, sound is also measured in frequency. 
The higher the frequency, the higher pitched the sound is. 
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^"^^ QS, Are high-pitched, or low-pitched, noises more annoying 
EXCURSION 8.1 to you? 
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If you are like most people, high-pitehcd noises arc more 
annoying to you. Of course, another Variable is when a par- 
Ucular soiled occurs. Most people can stand a much higher 
sound level during the day than they can at night. 

□4. What decibel level causes deafness from a single blasfL 

In answering the>^st question, you probably referred back 
to Table I. The table tells you that the eardnim breaks when 
it receives sounds at a decibel level of 130 or more. When 
this Happens, a person becomes deaf to mo.st sounds. Take 
a look at Figure I and find the eardrum 

* 



Three-bone lever 



Auditory nerve 




Cochlea 




^gur* 1 



Sounds cnter ihe ^r canal and strike the eftrdrum? causing 
It to vibrate. These vibrations are carried by t^hree tiny bones 
to a second membrane .in the irfner «ar:^ibrations of this 
membrane cause movements in the liquidMthe snail-shaped 
co<;hlca. When tiny hairs are shaken by the vibrating liquid, 
nerve messages are seftt to the brain. 

Maaiy studies have been done on the hearing of Americans. 
The average hearing ability of people'is defined as "stand- 
ard." Hearing lo$s is measured by comparing a person's 
hearing ability with the standard. Tf^ for example, a sound 
must be 15 decibels above the standard for a person to hear 
it, he is said to have a 15-decibel hearing loss. 

□5, Describe the hearing of a person who can hear a sound 
only when it is. 43 decibels above the standard. 



Fundamentally, a sound-level meter Osed to 
measure intensity could be simply a micro- 
phone connected to a sensitive electrical 
m^tpr: Of co^irse. other retinements dnter in 
when the measurements are to be used sci- 
entifically. 
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6. this would be a 6-decibei hearing gam L)6. Describe ihc hearing of i\ person who can hear a sound 



when it is 6 decibels below ttie standard. 

F^igure 2 shows Ihe changes in hearing lhat can occur from 
being in a noisy environnieni (90 decibels) /or a long time. 



P^requency K^y- 
Very high ■ 
High 



Medium — . — — — 
Low 



60 
60 
AO 



Figure 2 
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9. The classic bccCipation with a high decibef 
r^^admg^gave its mime to the so-called "boiler- 
maker's deafness " There are mjrny others, 
however. Did anyone say "housewife"? A 
vacuum cleaner can go to 85, an electric 
dishwasher to 80. and the garbage-disposj^l 
.unit generates from 90 to 100 decibels 



15 20 

Exposure (yearsj? 

(37. Is there a greater hearing loss at low, or at high, fre- 
miencies? - 

D8. Do hearing losses develop at low frequencies faster, or 
slower, than they do at high frequencies? 

Q9. What kinds of occupations might commonly have a 
90"decibel environment? 



people suffer some Jfc^ring loss as the^ get ^'^i^^^ 
ly for high-frequency Sounds. HoA'evpr, being in 



Most 

especially lor nign-irequency sounas. nowevpr, oemg \w a^.ip 
noisy enviroiwent ^vhile aging can make the loss greater. 
Figure 3 shows the standard hearing loss for high sound 
frequencies. 



10. The best description would-be that- a 
65-y6ar-old person shows a 28-decibel hear- 
ing loss, a 23-year*Qld shows no loss (hears 
at the standard). 8u1 an answer Qf "28'timeB 
as much" is unacceptable. 
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□10. How would you describe the hearing loss of an average 
65Tyear-old peTson compared to the average 23-year-oId? 

^ • ■ ' ' ■ " ■ . y ^ 

Studies have shown that over an eight-hour. worlfing day 
few humans can stand more than 80 to 90 decibels of.s<^nd. 



i65 



Age (years) 



40 



54 



60 
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Workers in noisy environments often wear plugs, earmufTs 
and other ear protectors. But since thus practice started only 
about twenty years ago, many people are partially deaf who 
snouldn t be. 

Noise has been ^blamed for fiigh blood pressure, indiees^ 
ion, social conflicts, high divorce rate/and many other prob- 
lems^ There ,s a good deal of evidence that sound can cause- 
psychological as well as. physical damage. Near large airports 
some schools have, had to be closed becaufTe the noise made 
It hard for the studentsjo think. ^ ^ 

In several chapters in this unit, you have studied how the 
output of automobiles pollutes the atmosphere. 

Automobiles and tcucks are noise polluters. In fact they 
are probably the greatest of all noise polluters. Traffic'noise 
•s at or near the top of the list of noises that most people 
wou^d-bke to .eliminate. Table 2 shows the average noise 
-levels of cars ^nd trucks at a distance of about eight meters 
from a California superhighway. " ' 

* Table 2 



66 



\ 



NqIsc Source 


Average 
Decibel Level 


Aulom.obile. 48 km/hr 
(30 mph)" 


68 


Automobile, 113 km/hr 
(70mph) 


81 

\ ■ 


Trucks, 80 km/hr ^ 
(30mph) 

y'^" 








f - 


^ 
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□ What is ihe cflciri of a car's speed on its noise prodiic- 
(ian? 



□ t2. How docs (he noise level produced by trucks at 80 
km/hr compare with the noise level of propeller-driven air- 
planes ai takeofl? 



Reducing (he level of sound in our environment is not an 
easy lask. Some people seem to prefer noise, even if it may 
mean that they will eventually suffer some hearing loss. 



Someono has sold. "What's one man's Bact^ 
in another man's Babol " There Is somek^^ 
evidence that the loud music that has been 
so much in favor by the younger generation 
is having a doloterlous effect twS the hearing 
of this group And there are many older 
people who claim that they are being driven 
Cf^azy by that kind of music. ^ 
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